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ABSTRACT
The purpose of this research was to investigate the
effects of dry etching techniques on changing halftone dot-
sizes. Dry etching, or photographic color correction, has
emerged in recent years as an alternative to traditional
dot etching for making local corrections to color separation
halftones. This study examines six factors related to dry
etching. First, three types of original halftone dots were
considered: laser formed (hard) dots from a Hell DC-300B
scanner, laser formed (semi-hard) dots from a P.D.I, scanner,
and contact screen (soft) dots from a Crosfield 510 Magnascan
scanner. Second, the original dot-sizes being treated were
fixed as close as possible to five target dot-sizes (5$, 25$,
50$, 75$, and 95$). Third, three types of dry etching treat
ments were applied a technique of overexposure; the use of a
4-mil clear spacer film; and a technique of exposing through
the base. Fourth, sixteen levels of corrective treatment
were applied ranging from 1 times dot-for-dot exposure to
100 times. Fifth, two types of graphic arts films were test
ed lith film and rapid access. Sixth, two generations of
contact printing were compared original positive-to-inter
mediate negative and intermediate negative-to-duplicate
positive.
XThe following five hypotheses were advanced for
this study:
1. The maximum dot-size growth would be higher on
lith film than on rapid access.
2. The three types of halftone originals would not
exhibit significantly different dot growth char
acteristics.
3. The 4-mil spacer technique would result in the
largest dot-size changes; the overexposure tech
nique would result in the second largest dot-size
changes, and the through-the-base technique would
result in the least amount of dot-size growth.
4. No difference in amount of dot growth would be
found between the two generations of contact print
ing.
5. The maximum acceptable dot growth for the five
different original dot-sizes would not be equal;
instead a symmetrical curve would be described
with the apex at the 50$ original dot-size.
The conclusions with respect to these hypotheses were
as follows:
1. The evidence supported hypothesis #1 for most
treatment combinations. Two exceptions were found
(ie., the 5$ and 95$ original dot-sizes treated by
1CHAPTER I
EXPLANATION OF THE PROBLEM
The problem considered in this research was to in
vestigate the effects of dry etching on halftone dot-size.
Dry etching, also known as "dry dot etching" or "photographic
color correction", provides an alternative means to tradi
tional dot etching for performing color corrections on half
tone separation films. Contact printing techniques are used
to achieve desired changes in dot-sizes. The procedure,
briefly, is as follows: 1. A mask is produced (photograph
ically and/or by hand) which isolates the treatment areas.
2. A contact print is made from the halftone separation
yielding a dot-for-dot copy which is tonally and laterally
reversed. If the intention is to reduce the halftone dot-
sizes, then an additional exposure must be made through the
isolation mask causing enlarged dots in the treatment areas.
3. A second contact print is made from the results of step 2
yielding a tonally and laterally correct image. If a correc
tive exposure was made in step 2, then the treatment areas
will have reduced dot-sizes while the rest of the image will
be a dot-for-dot copy of the original halftone. If enlarged
dots had been required, then the corrective exposure would
be made during step 3 (rather than step 2) resulting in
bigger dots within the treatment areas in an otherwise dot-
for-dot copy.
This investigation found three methods of exposure
for dry etching in use by industry. The most common method
uses ordinary overexposure to cause dot-size growth, but
some firms reported using clear spacer films during the cor
rective exposure, and others reported making the corrective
exposure through the base of the film.
This research involved the following six factors:
first, all three techniques of dry etching exposure were com
pared; second, two different categories of graphic arts films-
lith and rapid access were tested; third, laser formed dots
were compared to halftones formed through contact screens as
originals for dry etching; fourth, five original dot-sizes
(5$, 25$, 50$, 75$, 95$) were tested; fifth, 15 levels of dry
etching treatment were applied; and, sixth, tests were car
ried out for two generations of contact printing from ori
ginal positive to intermediate negative and from intermedi
ate negative to duplicate positive. The six factors and
the levels of each factor are presented in Figure 1.
study:
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Statement of Hypotheses
The following hypotheses were advanced for this
1) The maximum dot-size growth on lith film would
be significantly higher than on rapid access
film.
2) The three types of halftone originals would not
exhibit significantly different dot-growth char
acteristics.
3) The maximum acceptable dot-size change would be
greatest using the 4-mil spacer during exposure;
the second highest acceptable dot-size change
would be achieved with emulsion-to-emulsion ex
posure, and exposing through-the-base would
yield lower acceptable dot-size changes.
4) There would be no significant difference in at
tainable dot-size change during the positive-
to-intermediate negative generation as opposed
to the intermediate negative-to-duplicate pos
itive generation of contact printing.
5) The maximum acceptable dot growth for the five
different original dot-sizes would not be equal.
The maximum dot growth would describe a symmet
rical curve with the apex at the 50$ original
dot-size.
Background of Dot Etching
Four-color film preparation has come a long way
from the 1929 conditions described by Frank Preucil in the
article, "Color Reproduction Evolved from Manual Methods to
Automation in a Half-Century of Progress." In early times
most four color work was letterpress printed from copper en
graved plates. The color separations were made on glass
plates (for dimensional stability) through one-half inch
thick optical glass filters. Wet collodian plates, prepared
and sensitized by the graphic arts photographer, were pre
ferred since they rendered superior halftone dot structures.
The halftone patterns were created with an etched glass
screen held out of contact from the wet emulsion. The graph
ic arts photographer was, by necessity, an amateur chemist
who worked under very hazardous and unhealthful conditions.
A minimum of several hours were required for each set of
separations. Color corrections were accomplished by hand,
taking up to a week per set of separations.
Preucil describes the following Innovations in the
early
1930' s :
Photographic masking color correction replaced more and
more of the hand
artists' color correction on ground
glass positives; the glass dry plate halftone positives
replaced the continuous tone ground glass images, to be
corrected by the "new" technique of dot etching borrowed
from the photoengraver 's copper
etching.2
Photographic masks, then, were used to accomplish
color correction for ink deficiencies, while local correc
tions were accomplished by dot etching. Dot etching in
volves the application of acid resistant staging to all areas
of the halftone which are not to be reduced in dot-size.
After the staging dries, the film is treated in a chemical
solution such as potassium ferrocyanide which slowly oxidizes
the silver on the film, thus reducing dot area. The dot
etchers' role in color correction is described by T. Anthony
as follows:
Manual correction, usually called dot etching, is made
after halftone reproduction. It is performed on the
film..., and is the oldest of the color correction pro
cedures. Its effectiveness depends on re-etching half
tone dots in local areas to alter color densities
through manipulating dot sizes by hand. It requires
individual color judgements based on much experience,
along with repeated proofing. 3
The dot etcher, then, is a skilled craftsperson
able to make accurate color appraisals. In addition, dot
etchers must be masters with a brush and airbrush. Miles
Southworth writes, "the dot etcher must be an artist. He
must be able to follow images of the original and duplicate
the same effect without his work being obvious." South-
worth identifies the major difficulty of dot etching as,
"the application of the resists to achieve the desired
correction without adding any unnatural lines in the repro
duction."^ The staging must often be applied in a care
fully controlled vignette pattern so tones will blend
7evenly. This is usually accomplished by airbrushing, but,
in some cases, staging is not used at all, instead a tech
nique of freehand application of etching solution followed
by wet sponging is used.
Today, the traditional methods of dot etching are
showing room for improvement for many reasons. First, the
process is slow; repeated proofings are required and the
application of staging is time-consuming. With the in
creasing demand for color printing, some firms are exper
iencing a bottleneck in the dot etching department. Se
cond, there is danger of destroying the original halftone
separation by overetching. If this occurs, then the whole
set needs to be remade* Third, the high level of skill re
quired for dot etching prohibits quick expansion of the
work force and keeps labor costs high. Fourth, dot etching
does not work well with laser exposed (hard dot) films,
which are used increasingly since the advent of the laser
scanner. Fifth, dot etching offers no control over con
trast and has the effect of reducing contrast in the treat
ment area.
Need for Color Correction Techniques
There is a need in today's printing industry for a
means of making local color corrections to halftone separa
tions. The determination of color is necessarily a
subjective judgement, and the chain of communications with
in the reproduction network is segmented and weak. Frank
Benham, Coordinator of Market Planning for Eastman Kodak,
explains that communications are poor because no single
organization represents the entire reproduction chain, which
includes the client, advertising agency, photographer, color
lab, retoucher, graphic arts photographer, platemaker, and
press person. The objective is for the results- achieved on
the press to match those anticipated by the client. However,
the limitations of the printing process (such as, hue errors
of the inks, need for halftone dot structures, or limited
density ranges) make exact reproduction of the photographer's
work impossible. Final decisions about best tone reproduction,
color correction, or gray balance are commonly made with the
aid of prepress proofs after the separation phase. These
decisions are crucial since it is very expensive to make fur
ther corrections once the job is on the press.
Ideally, the need for making color corrections after
halftone generation can be eliminated through the use of
sophisticated visual analyzers like the Sci Tex Response 300.
Such technological developments grow out of sustained efforts
to increase the efficiency of prepress operations. Frank
Benham explains as follows:
The preparatory stage is one area in all processes that's
closely related to cost and productivity. Every effort
currently is being made to eliminate the time and costs
involved in readying copy, especially color photographs,
for the printing process..."'
9The development of dry etching is another outgrowth
of these efforts; it can provide a quicker, more predictable,
more versatile, and safer means of making color corrections
to existing halftones.
State of the Art of Dry Etching
The state of the art related to dry etching was de
rived from several sources, including information gained
during a twoday training course on dry dot etching sponsored
by Dupont and taught by Rocky Anderson at the Clifton, NJ
Training Center. Second, a technique of dry dot etching was
found in Kodak's Basic Contacting Techniques, and an inter
view with the author, John Holtz, netted additional informa
tion on the Kodak method. Third, the subject was discussed
with seven current practitioners in industry: Charles Cruik-
shank of Case Hoyt in Rochester, NY; Paul Zwerlein of Manhart-
Alexander in Amherst, NY; Ronald Lein of Photo Mechanical
Services in Minneapolis, MN ; John Endres of Mike Roberts
Color in Emeryville, CA; Ralph Sanford of Oakland National
Engraving in Oakland, CA; Carl Gaither of Balzer-Shoppes in
San Francisco, CA; and Mike Sanders of Blake Printery in San
Luis Obispo, CA.
In general term^ dry etching consists of the follow
ing steps: determine the change to be made to the separation
halftone; isolate the desired color or area; perform the
10
change through contact printing techniques; and evaluate
the effectiveness of the change through prepress proofing,
In industry today there is not one accepted method of dry
etching but several competing techniques are often in use
within a single shop. The particular requirements of each
job and the preferrence of the color corrector determine
which dry etching method is used. The majority of shops
using dry etching are also relying on traditional dot etch
ing for certain color correction requirements, such as, over
all reduction of color.
Determining the color corrections required for a set
of separations is accomplished with the aid of prepress
proofs. All of the firms contacted utilize standard viewing
conditions. The judgements are subjective, and reliance is
placed on the sensibilities of the color corrector to pro
duce results. Rocky Anderson of Dupont suggests that the
mean dot-size within a treatment area be determined, and the
desired change be specified numerically. The required dry
etching exposures could then be obtained from a calibration
graph (see Figure 8 , p. 32). However, this approach has
not been widely adopted. Two reasons given were: that sel
dom could a mean dot-size for a treatment area be reliably
determined, and that predicting a degree of color change as
an adjustment in dot-size was difficult for customers (par
ticularly with overprint colors). Carl Gaither reported
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that, on occasion, the customer's desires are met without
making the requested adjustment, but by changing the other
primary components of an overprint color. All of the color
correctors contacted agree that subjective "color sense"
enhanced with practical experience is needed to consistantly
provide results which please the customers.
The choice of which color correction technique to
use in performing a specific correction is not well defined.
Gaither, for instance, suggested that two color correctors
might use different approaches to accomplish the same end.
In general, dry etching is used in cases where staging lines
might present a problem; where contrast changes are desired;
or where application of staging would be difficult. Dot
etching is preferred where overall reduction of color is need
ed; or where photographic masking would be less efficient
than staging. Of the seven firms contacted, four reported
using dry etching for the majority of their correction re
quirements, while the other three use dry etching for half
their corrections.
Isolating an area for dry etching is usually accom
plished with photographic masks. These masks are contact
printed out-of-focus from the separation halftones. Either
contact or duplicating film can be used for tonally reversed
or correct masks. There is no consensus on which film to
use for making masks. Rocky Anderson recommends Dupont
Bright Light films for the following reasons: the ease of
12
working in higher illumination; to reduce pressure on dark
room facilities; and because the long "toe" exhibited by
these materials enables the technician to manipulate fine
details into the window areas of the mask. However, other
dry etchers (Cruikshank and Zwerlein) reported dissatisfac
tion with Bright Light films, and prefer using orthochromatic
contact and duplicating films; while some dry etchers
(Gaither and Sanders) make masks on lith film.
The film orientation for mask exposure suggested by
Dupont is shown in Figure 2.
Figure 2
Film Orientation for Exposing Masks
& & &
&r
-&r
diffusion sheet
halftone separation
4-mil spacers
contact or
duplicating film
The degree of exposure to the mask affects the size
of the isolation windows, as well as, the amount of detail
therein. Transmission sensitivity guides are commonly used
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as control devices during mask exposure. Masks are made in
pin register with the separations to maintain image align
ment in later contacting steps. Dupont ' s recommended mask
combinations for isolating desired colors are given in Figure
3. As this chart indicates, masks are often used in combi
nation to achieve desired isolations.
At times the photographic masks are replaced by or
supplemented with handmade masks such as cut-and-peel films
assembled on goldenrod flats. In other instances, opaqueing
is done directly on the photographic masks to better define
treatment areas. For some corrections the techniques of
"dodging" or "burning-in" (borrowed from the photographic
printer) are employed in place of isolation masks or in con
junction with them. The color corrector must select a mask
ing technique which efficiently isolates the required treat
ment area for each job.
Performing the desired change is accomplished by
contact printing techniques. Dry etching relies on copying
the separation halftone dot-for-dot across all areas (dot-
sizes) of the image except the treatment area(s), where the
dot-sizes are manipulated to achieve the desired correction.
The dry etchers contacted all stress the importance of good
contact printing systems using integrated point light sources,
and carefully monitored film processors for achieving accept
able dot-for-dot renditions. A common complaint with dry
Figure 3
Mask Combinations for Isolating Colors
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To isolat e Masks required
Additive primaries
red
green
blue
Cp
Mp
Yp
+ Yn + Mn
+ Yn + Cn
+ Cn + Mn
Subtractive primaries
cyan
magenta
yellow
Cn
Mn
Yn
+ Mp + Yp
+ Yp + Cp
+ Mp + Cp
warm reds
cold reds
purple
blue/green
orangish reds
yellowish greens
Mn + Cp
Mn + Yp
Cn + Yp
Cn + Yp
Cp + Yn
Mp + Yn
Shadows
red
green
blue
Cn + Yn
Mn + Yn
Mn + Cn
Highlights
cyan
magenta
yellow
Mp + Yp
Cp + Yp
Cp + Mp
MASK CODE:
M =
C =
Y =
magenta
cyan
yellow
P = posit.ive
n = negat,ive
SOURCE: Dupont Training Manual , "Photo,graphic Color Correc-
tion (Dry Dot Etching)," p. 9.
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etching was that dust control is difficult, particularly
when multiple masks are needed.
Lith film is exclusively used by the dry etchers
interviewed to make the corrected separation (although
Holtz suggests that orthochromatic contact and duplicating
films can be used). Color correctors stress that some lith
films work better than others for dry etching; recommended
films were Kodak Type 3 #2556 and Dupont COD-4.
The sequence of exposures used for making dry etch
ing corrections are presented in Figure 4.
The corrective exposure through the isolation mask
causes the halftone dots to be enlarged in the selected
regions. The dots do not enlarge uniformly, unless specific
contrast characteristics are presented in the isolation win
dows. The amount of original detail imaged and its tonal
orientation will determine the effect of dry etching on con
trast in the treatment areas.
There are several means of applying the corrective
exposure during dry etching. The most common technique
utilizes straight overexposure to the selected areas through
the isolation mask. An alternative means calls for the
corrective exposure to be made through the base of the lith
film. The dry etchers who use the latter technique (Gaither,
Endres) often split the corrective exposure between straight
overexposure and exposure through the base. For large correc
tions a clear spacer film is occasionally used between the
16
Figure 4
Exposure Sequence for Dry Etching
Increased Color
Exposure #1 (dot-for-dot exposure)
^aa^BBm
separation halftone
-lith film
Exposure #2 (double burn)
Part #1 (dot-for-dot exposure)
^^^^T/TjWs ^7^fi^^^~r*
intermediate negative
lith film
Part #2 (corrective exposure)
isolation mask
EBESEzBESzBSBEl
-intermediate negative
lith film
Result
intermediate
negative
corrected
halftone
Decreased Color
Exposure #1 (double burn)
Part #1 (dot-for-dot exposure)
separation halftone
lith film
Part #2 (corrective exposure)
isolation mask
v,nm*,f,A>hjM
separation halftone
lith film
Exposure #2 (dot-for-dot exposure)
*,WjW/f?l >1"^-^72.
intermediate negative
lith film
intermediate
negative
corrected
halftone
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separation halftone and the lith film during the correc
tive exposure. Endres and Lein both reported using this
method. It was recommended for required dot-size changes
greater than 15 percent. Either 2.5, 4> or 7-mil spacers
are used depending on the magnitude of the required correc
tion. Figure 5 lists the dry etching techniques in use by
the companies interviewed.
Firms
Figure 5
Dry Etching Techniques in Use by Industry
Dry Etcher
Balzer-Shoppes
Blake Print ery
Case-Hoyt
Manhart-Alexander
Mike Roberts Color
Oakland National
Engraving
Photo Mechanical
Services
CD
u A
2 h bJ3
1 CO H 0 2
u o H o O 0
0 ft & 03 U CO
> X 1 ft Xi a3
o CD co P P
Carl Gaither
Mike Sanders *
Charles Cruikshank *
Paul Zwerlein *
John Endres *
Ralph Sanford *
Ronald Lein *
* - designates a technique which is used
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After the corrected separation halftone has been
produced, a prepress proof is made so that the success of
the correction can be evaluated; this step is the same for
dot etching.
The color correctors interviewed all compared the
overall effectiveness of dry etching favorably with dot
etching. The following positive points were made for dry
etching: staging lines are avoided; it is faster for some
jobs; larger dot-size changes can be made in a single move;
contrast can be manipulated; superior quality results can be
obtained; in some cases it is less expensive; and hard dot
originals are better treated by dry etching. The negative
comments about dry etching were: a great deal of film is
used; making the isolation masks can be time-consuming;
dust spots are a problem; and the corrected halftone has
different fringe characteristics than the remaining half
tones, which might cause difficulties on the press.
Background Theory
Dry etching relies for its effect on mechanisms of
changing dot-size values through contact printing manipula
tions. Three alternate means of achieving dot-size changes
were identified. These are the technique of selective over
exposure, the technique of using a clear spacer film, and the
technique of exposing film through the base,
The technique of overexposure relies on the principle
19
that increased levels of exposure will cause dot growth in
halftones being contact printed. This is due in large part
to light scattering within the emulsion. Saarelma, Hartwell,
and Akerberg studied image spread in halftone photography
and found that light scattering was dependent on the physical
properties of the emulsion and the characteristics of the
exposing lamp. The processing technique can also effect
image-spread, especially in the case of infectious develop-
9
ment .
The second technique used to produce dot-size changes
was exposing the treatment area with a clear spacer film be
tween the halftone original and the lith film. This tech
nique relies on the theory that, if a point light source is
used, the halftone image will spread due to the out-of-con-
tact distance of the films. This illumination geometry is
represented in Figure 6.
Figure 6
Illumination Geometry - Point Light Source
3? d j_
/
B
T~l in1 C
'6
/ V
d = out-of-contact distance
A is a point light source
B is a halftone dot
C is the resultant enlarged halftone dot
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Briefly, light travels from a point light source, through
a halftone original, then through a transparent medium,
and then strikes a light sensitive film. The pattern on
the resulting film is caused by the light stopping action
of the halftone original. As the distance between the half
tone and the film is increased, the sizes of the halftone
dots being imaged are enlarged.
The third technique being examined is to use a split
corrective exposure of two parts one part is an overexposure
through the isolation mask (as in the first technique) and
the second part is made through the base of the film with
the halftone original and isolation mask in place. The ef
fect of flashing through the base depends on the character
istics of the antihalation backing of the film, as well as
the thickness of the film base. Dry etchers report that ex
posing through the base causes dot-size changes to occur
more gradually and, also, more uniformly throughout the scale.
In this case the antihalation backing is acting as an acut-
ance dye, thus reducing the lateral spread of light.
Problems in Performing the Research
The problems in obtaining valid data for this research
were numerous. The contact printing procedure itself is sub
ject to problems from many sources like voltage fluctuations,
unevenness of vacuum drawdown, the optical effects of glass
21
or acetate overlays, stray light, improper safelighting,
inconsistant exposure timing, and processing variations.
One inherent problem with performing dry etching
evolves from the need to make successive generations of con
tact exposures rendering exact dot-for-dot copies. Some
error will necessarily enter the system at this stage.
John F. Holtz, in an article entitled "Control and Coordi
nation are Keys to Good Contacts," writes:
Exact dot-fordot reproduction has been widely talked
about but seldom, if ever, actually achieved. Some
newer films, when exposed emulsion-to-emulsion with
high quality film originals, come very close. 10
Holtz cites several factors contributing to this difficulty.
First, it is significant whether the original is hard dot
or soft dot; with soft dot originals there is veiling in
the densest areas and excessive dot fringe in the lightest
areas, making dot-for-dot copies unrealistic. Second, light
does not travel through the film in a straight line; in
stead it is scattered by particles in the emulsion and matte
coating and refracted entering and leaving the film. A
third concern stems from halation which occurs to some ex
tent despite the anti-halation backings on films. The sec
ond and third considerations allow undercutting to take
place, which affects small dots to a greater extent
than
larger ones. This creates the possibility that the smallest
dots will be eliminated if enough exposure is given to re-
11
produce larger dots.
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Several problems likely to plague contact printers
are described by Goldsmith in the article, "How to Improve
Contact Prints." First, diffusion within the emulsion soft
ens image edges. The extent of this diffusion is a function
of the thickness of the emulsion, the configuration of the
light source, and the fineness of the clear areas of the
original. The phenomenon of light diffraction (i.e., bend
ing as it passes sharp edges) can cause image spread up to
1.5 mils on each side of the true edge. Loss of sharp reso
lution can also be caused by trapped dust. Goldsmith reports
that two .007 inch thick films separated by a .002 inch
diameter piece of dust will be out of contact for an area
100 times the diameter of the dust speck. For films .004
inches thick the out-of-contact area is 60 times the particle
12
size.
The use of matte films for dry etching is suggested
by Rocky Anderson because these films reduce drawdown time
and the effects of out-of-contact areas due to minute dust
particles. Goldsmith, however, warns that matte emulsions
cause greater diffusion of the image due to the light scat-
13
tering effect of the matte surface.
Another potential problem in obtaining valid data
for this research stemmed from the use of densitometric read
ings to determine dot percentage. Such readings are not
wholly reliable indicators of true dot areas, as reported
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in the article "Color Calibration and Dot Percentage in
Control of Production Systems." However, the article con
cludes,
The absolute accuracy of dot percentage determined by
this method (density reading) may be justifiably ques
tioned, however, the degree of error is very small and
due to its consistency may be disregarded for all prac
tical applications. ^
For this study it was assumed that integrated density read
ings would not cause significant error in estimating dot areas,
A potential problem for meeting quality specifications
in dry etching arises from dimensional changes which take
place during the processing and storage of films. There is
concern that a corrected separation film may be changed di-
mensionally (due to effects of temperature and humidity) to
such an extent that misregister could occur. This danger is
increased by two factors: two film generations are required
for dry etching corrections, and the corrected separation may
be on a different film base than the remainder of the set.
An important limitation inherent in this study was
that the findings are specific to the printing system used.
The amounts, configurations, and relationships of dot-size
change are inextricably tied to the equipment and materials
employed. These include: the types (and even emulsion
numbers) of graphic arts films; the contact printing frame;
the light source; the light integrator; the film processors;
the processing chemistries; and
the dot area meter.
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The findings of this study can best serve the indus
try as a model by which to calibrate other printing systems
for dry etching. Also, factors and interactions which were
significant in affecting maximum dot growth, as well as the
limits of dot growth, provide comparators against which
other systems can be evaluated.
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CHAPTER II
REVIEW OF LITERATURE
The review of literature was subdivided into the
following sections:
Dry Etching
Communication Structure in Printing
Local Color Correction
Visual Analyzers
Direct Screen Separations
Scanner Separations
Graphic Arts Films: Lith and Rapid Access
Image Spread in Halftones
Color Measurement
Dot Area Metrology
Conversion of Tristimulus Values to Dot Areas
Color Perception and Color Printing
Color: Concepts and Terms
Adaptation Effects in Viewing Color
Color Reproduction Specifications
Color Transparencies with Reproducible Tone Scales
Effects of Original on Color Correction
Tone Reproduction in Color Printing
Empirical Approach to Color Reproduction
This literature search was conducted by reviewing
the three major graphic arts periodical indices (GATF, GALA,
and PIRA) since January 1975 and examining studies and
articles which combine to form a technical context in which
the concerns of dry etching are considered. Earlier studies
in the TAGA Proceedings were also examined. Although the
relationship between the literature studied and dry etching
is often indirect, it provides a background for the color
corrector.
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Dry Etching
A two-day course in dry etching has been taught at
Dupont ' s Clifton, New Jersey Training Center by Rocky
Anderson since the spring of 1980. Notes taken by the re
searcher while in attendance at this course on 1, 2 December
1980 are presented here along with information contained in
the 15-page course manual, "Photographic Color Correction
(Dry Dot Etching)".
There is little professional literature available
on the subject of dry etching. The manual from Dupont ' s
course was the only paper located relating directly to the
subject. There is, however, a section of John Holtz's
Basic Contacting Techniques describing an alternative method
for dry etching. In addition, isolated references to dry
etching were occasionally found in the periodical literature,
such as, the following brief definition offered by Miles
Southworth:
..."dry etching", as it is called, can be accomplished
by making special area masks to fit over the separations
during contacting steps to make them print lighter or
darker, whatever the case may be. With partial exposures
through different masks you can change given areas
within the reproduction. 1
The Dupont manual lists five advantages of dry etching
as follows:
1) Scanner productivity is increased since rescan
ning overetched films can be avoided and because
29
the need for special settings on the scanner
is decreased.
2) Dry etching can increase the productivity of
color correctors, who can be assisted by less
skilled contact room personnel, and, thus, can
handle more jobs simultaneously.
3) Dry etching can improve quality in color cor
rection by: providing dot-size changes in
selected colors impossible on a scanner, avoid
ing problems of "staging lines", using a re-
peatable procedure for making corrections, and
maintaining the photographic integrity of the
image.
4) Dry etching can increase the color reproduction
output of a shop by reducing the bottleneck at
the wet etching stage, while simultaneously
eliminating the chemical waste problem.
5) Dry etching can decrease the cost of making
color corrections by 30-40$ for the first cor
rection and by up to 80$ for subsequent changes.2
The authors of "Photographic Color Correction" claim
that dry etching is capable of the following effects: in
creasing wanted colors, decreasing unwanted colors, changing
hue, changing contrast, changing saturation, enhancing detail,
and smoothing out fields of color. 3 The Dupont method of dry
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etching (described in Chapter I, State of the Art) utilizes
photographic masks made on Bright Light Films. These films
are preferred for the ease of working in well lit conditions,
and because the long "toe" exhibited by them allows some
tonal detail to be imaged in the mask window. The photograph
ic masks are supplemented with hand masking techniques as
needed. The completed masks are used to isolate areas for
dry etching treatment.
The exposures are always made emulsion-to-emulsion
on lith film. The corrective exposure is via the overex
posure technique at either the intermediate negative or the
dot-for-dot positive stages. Selective overexposure at the
negative stage decreases color in the treatment area(s);
while, in the positive stage, it yields increased color. The
use of clear film spacers is not recommended, neither is
shooting through the base.
A tabular form of note taking (reproduced in Figure 7),
was recommended by Rocky Anderson to facilitate the dry etch
ing operation. The chart contains rows for each correction
and columns noting the color isolated, the mask used, the
specific dot-size change desired, the transmission density
of the mask, the exposure time, and the voltage. This "Data
Table for Dry Etching" provides the color corrector with a
concise record of changes that are attempted.
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Figure 7
Data Chart for Dry Etching
Color
Isolated
Masks
used
Dot-size
change
Desired
Mask
Density
Exposure
voltage & time
Reds Mn,Yn,Cp yellow
85 -* 60$
.13 tap 3 @ 23 sec.
SOURCE: Mimeographed sheet presented at Dupont Training
Center, Clifton, New Jersey, 1 December 1980.
The Dupont paper advocates the use of a Calibration
Graph (Figure 8 ) for predicting exposures to produce de
sired dot-size changes. Before making the corrective move,
one determines the mean dot-size present in the window area
and the desired amount of change, then consults the Calibra
tion Graph to determine the duration of corrective
exposure
required to accomplish the move. This graph is made from
tests conducted on a halftone step wedge ranging
from 5
Figure 8
Calibration Graph
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Dot-Area
of Copy
100$
I0X 5X 3X
IX or
Dot^Tor-Dot
Exposure
20$ 40$ 60$ 80$ 100$
Dot-Area of Original
SOURCE: Dupont Training Manual, "Photographic Color
Correction (Dry Dot Etching)," p. 12.
through 95 percent. It is important that the step wedge
be generated from the same system used for color separation
halftones so the dots will exhibit similar characteristics.
John F. Holtz, of Kodak, describes an alternate
method of performing dry etching in the handbook, Basic
Contacting Techniques. The terminology used by Holtz
differs from that used by Dupont in the following respect:
"dry etching" to Holtz indicates the process of selectively
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reducing dot-sizes on halftone films, and "bumping" is
used to describe the process of selectively increasing
dot-sizes; while Dupont uses "dry etching" to describe
the process of selectively changing dot-sizes in either
direction. Two other distinct differences were found be
tween the two techniques. First, Kodak makes no mention of
photographically generated masks, and, second, they advocate
the use of contact or duplicating films rather than lith.
However, John Holtz disclosed that the method presented in
Basic Contacting Techniques represented only one procedure
for carrying out dry etching. Holtz recommends photographic
masking techniques in many instances since the range of
corrections possible is increased; also, lith film is often
used because it offers better control of dot-size changes.
The method described by Holtz was essentially the same as
5
the Dupont method.
Communication Structure in Printing
In 1974 PIRA and the United Kingdom Colour Printing
Council conducted a study of communication structure of the
printing and related industries with the purpose of increas
ing efficiency of technical information transfer. The
findings were reported by A. E. Bardouleau at the 1975 IARIGAI
Conference. The routes of communication in color repro
duction were identified and schematically presented, as in
Figure 9.
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Figure 9
Routes of Communication in Color Reproduction
Consumer *- - Media*-
Market Research ?Agency
Photographer-
-*Printer*-
Platemaker
it
-Designer-
Print
Buyer
SOURCE: A.E. Bardouleau, "A Study on the Techno-Economic
Implications of Improved Colour Printing Charac
teristic Specifications," IARIGAI Conference (1975).
The communication network is complex, and there is lack of
contact between many elements of the network since no single
organization encompasses the whole chain.
Good communications were linked to several conditions
including: knowledge, competence, reliable systems, machine
ry and materials, sound labor relations, and economic health
It was predicted that specifications will become more strin
gent and codes of practice better defined throughout the
printing industry. Unfortunately, the subjective nature of
good color reproduction confounds the effort. Bardouleau
notes,". . .that the industries direct customers, the print
buyer or agency, usually has very little objective data on
7
acceptability
criteria." The study warns that such data
must precede the implementation of successful codes of
6
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practice.
The reliance on craft skill is criticized in the
following passage:
Certain reproduction plants still rely heavily on
craft skill and while they may be able to meet spec
ifications by craft it is an inefficient approach...
The number of persons employed and the cost of
remakes is well documented. 8
Bardouleau identifies three necessary stages in
producing specifications. The first stage is to stabilize the
process. In printing this is difficult due to the many var
iables, but efforts are being made (such as standard illum
ination or SWOP Standards). Bardouleau notes that there is
a point beyond which further stabilization becomes prohibi
tively expensive. The second stage in producing specifications
is to characterize the results. This is achieved with the
aid of documentation, test targets, and other means. The
study concludes that further work is needed to develop ideal
characterization techniques. The third stage in producing
specifications is communication. Successful communication
depends on the type of characterization used. Graphs and
tables can be used to communicate numerical data, and con
trolled conditions and detailed tolerances are needed for
visually communicated
data.^
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Local Color Correction
Richard E. Maurer, of Eastman Kodak Company, examined
"The Reproduction of Over- and Underexposed Transparencies" in
a 1972 TAGA report. Maurer explains that there is rising
demand for local color correction which he terms, "an in
creasing problem." In correcting for these local deficien
cies, Maurer suggests that area masking be incorporated in
a scanner in an attempt to overcome "the disadvantages of
unwanted edge effects and lack of control of contrast within
11
the broad masked areas.." Some approaches to achieving this
are suggested by Maurer in the following passage:
Several approaches might be taken: A comparison of
digital readout of various parts of the picture might
be made and the main signal modified accordingly. This
is the type of correction that might also be obtained
by simultaneous scanning with multiple scanning heads.
Another approach is that the transparency could be
masked broadly by hand in some way so that the circuit
of the scanner would respond differently in tone repro
duction as it was made to do In our experiment for the
different transparencies. This subjective judgment,
although unfortunate, may be a necessary part of the
process. For example, an overlay masking solution or
sheet might be applied by the retoucher to various areas
of a transparency, which would provide a basic frequency
signal to the normal scanning signal, and act-, as a means
of controlling locally the tone reproduction.
Maurer' s study is of interest here because it proposes
alternative means of approaching local color correction, and
it suggests a trend toward more integrated systems of color
correction. However, the technology advocated by Maurer, has
not yet emerged and there is still a need to perform local
37
color corrections after the fact.
Visual Analyzers
Visual analyzers represent the latest advance to
ward automating the color reproduction process. The devel
opment of these systems has been a response to several needs
within the industry, such as the need to predict changes in
appearance on the printed page from changes made in the pre
paration of films. The prepress proofing systems available
today are after the fact; that is, color separations have to
be produced before a prediction can be made about the ap
pearance of the final printing. The rising costs of film,
labor, and proofing materials makes this a matter for concern.
The implications of the new technology suggest that future
systems may not require techniques for performing color
corrections on separation films, since film itself may be
replaced by electronic memory, sophisticated software pack
ages, and auxiliary devices.
One advanced visual analyzer available to the industry
is the Sci-Tex Response 300. This system provides a means
of making color separations, performing photographic opera
tions such as masking, and performing dot etching, retouching
and stripping operations. The Sci-Tex system operates by
interface with any available scanner receiving all four color
signals simultaneously into a mini-computer where the infor
mation is stored digitally on a magnetic disk. Once the
3;
scanner has read the copy, it is not used again in the
system; so, it is released to do other work. At this point
the information can be output to an auxiliary device and
stored for later use if necessary. The magnification and/or
reduction of the image is not limited to the parameters of
the scanner. This suggests that a somewhat limited scanner
can extend its capacity through such an interface.
The color console of the Response 300 briefly con
sists of the following: a CRT screen where the image is
viewed; a control panel similar to those on advanced scanners
to correct color deficiencies, tone reproduction, gray bal
ance, etc.; an electronic stylus to perform inkless drawing
and airbrush functions; a panel of pushbuttons to control the
display and processing functions of the system; a visual dis
play terminal where the operator carries out dialogue with
the system, and standard illumination viewing panels in close
proximity to the CRT image for visually comparing originals
to the reproduction.
The operator using this control panel is able to magni
fy portions of the work to carry out close tolerance opera
tions. The screen can be split either vertically or horizon
tally to compare successive versions of changes to the original,
The communication between the operator and the Response 300
for retouching and masking is accomplished with an electronic
stylus. With this device one can define silhouettes for
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masking by roughly tracing around the section to be mask
ed on the visual display terminal. Similarly, the electronic
stylus is used to identify areas for local retouching in
two steps. First, the replacement color values are entered
into the system's memory by touching any desired portion of
the image with the stylus (these values can alternately be
keyed into the system's memory from the electronic color
palette) and, second, the area to be replaced by the remember
ed color is identified with the stylus. Another function of
the stylus is for doing "electronic airbrushing" work on the
images. In this instance the width of the "brush stroke"
can be varied by the operator. Any of the four separation
signals can be displayed in color or black and white. The
printing dot-sizes or densities of any area of the image can
13
be displayed.
Some of the page make-up functions that can be ac
complished with the Response 300 system include: masking;
automatic generation of geometric forms, insertion of stand
ard design elements (such as logos) from memory; image fitting
tasks like shrinks, spreads, and selective overlapping; the
generation of reverses and tints; cropping, rotating, or
juxtaposing of elements of the composition; sizing in true
14
and distorted proportions; and others.
Only after all image assembly tasks have been com
pleted is the information used to expose films. Thus, there
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is minimum waste compared with traditional processes.
However, the cost of the Response system prohibits its
use for small volume applications,
A recent development in visual analyzers was the
introduction of the Crossfield 570 System at the 1981 TAGA
Conference in Rochester, New York. The 570 performs the
same functions as the Response 300, and will represent stiff
competition in the marketplace. Other competitive systems
are the HCM Chromocom and the Coulter Graphics Editing
System, which offers the advantage of direct output on a
lithographic plate; thus skipping the need to expose film
altogether. These systems are leading the way toward the
integrated printing of the future.
Direct Screen Separations
Separation halftones, the originals for dry etching,
are usually generated by one of two means direct screening
or electronic scanning. There is a third, lesser used
alternative, the indirect technique. The halftones pro
duced by indirect separation are similar to direct screened
halftones in that both have soft dots, being formed through
contact screens. Factors effecting the direct screening
of halftones were examined by Richard E. Maurer in a 1971
TAGA report.
Direct screen reproduction was first standardized
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as a 3-color process through the work of Staehle (1952)
and Yule (1953) and later for 4-color work through the
1 r
efforts of Clapper (1964). ? Direct screen reproduction
describes a means of producing color separation halftones
in the first generation from original copy. Since direct
screening can save significantly in time and materials, it
has become a widespread method for producing color separa
tions.
Achieving good tone reproduction by direct screening
is made difficult by the interaction of several factors.
Maurer writes as follows:
The density distribution and shape of the dot in the
contact screen are important to the final tone repro
duction and reproduction quality, but they are not the
only factors. The film and chemistry can greatly affect
the results with a contact screen; and by use of aux
iliary exposures, we can significantly alter tone re
production, . . .16
Maurer here refers to the interdependence of the three ex
posures (main, bump, and flash) in affecting tone reproduction.
The interaction of exposures is related to the basic density
range of the screen. Tone reproduction is also affected by
the curve shapes of the continuous tone masks used in the
process. The masks are made with three-aimpoint control to
fit the known requirements of the direct screen process. The
final separations are also made with three-aimpoint control.
The proper rendering of tones in direct screening takes pre
cedence over color correction requirements.
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Maurer makes the following point concerning color
correction in direct screening.
Some of the factors that influence the amount of color
correction needed are the printing paper, additivity
and proportionality failure, deficiencies in the original
compared with the original subject, also, if this is to
be considered, viewing conditions, and nonreproducible
colors. Because of these many factors and the present
state of the art, final color correction adjustments
should be based on actual results. 17
The reproduction of colors by direct screening is
further complicated by the spectral response of the films
and the spectral characteristics of the filters. As Maurer
reports,
A panchromatic lith-type separation film is used for
direct screening. The spectral senstivity of the film
determines the filters that must be used for making the
masks and separations. Also of interest is the colori-
metric quality factor, q, which is also dependent on
the spectral sensitivity of the film, among other things.
The colorimetric quality factor is the ability of a color
separation process to distinguish original colors in
the same way as the eye does; for example, two yellow
original samples (metamers) that have different spectro-
photometric curves but appear identical under a certain
illuminant should reproduce the same. 18
However, filters which achieve higher q-factors might
require a greater degree of color correction at the same
time. An example from Maurer 's study follows:
The broader-band filter, No. 23A, gives a higher factor,
q, than the narrow-band No. 25.
While broader band fil
ters give higher colorimetric factors in general, their
use reguires a greater degree of color correction. 19
It is not surprising that after-the-fact color cor
recting occurs with direct
screen separations. It is not
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possible with photographic masking to achieve color cor
rection in all local areas.
A concern for the color corrector is that contact
prints of camera-made separations .can suffer from distortion
toward the edges of the image (vignetting) caused by astigma
tism in the lens of the process camera. According to
Goldsmith, the vignette effect is more pronounced in contact
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prints than in the original halftone film. Since dry etch
ing is necessarily a contact printing technique, it may not
be suitable for some camera-made separations.
Scanner Separations
There are references in recent professional literature
to the "color scanner explosion" which has taken place during
the past 15 years. While it is true that the use of scanners
for producing color separations has become widespread in re
cent years, the technology has been developing over nearly
half a century. A Kodak research team produced a prototype
scanner in the early 1930 's constructed from an engineering
lathe. Time, Inc. bought the prototype after World War II;
performed further research, and produced the first working
scanner in 1949. This scanner was built for Time by the Austi
Co., and became known as the Austin Scanner. This achieve
ment was followed closely in 1950 by the development of a
second scanner by the Printing Developments International Co.
(PDI). Important manufacturers of today, including Crosfield
n
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and HCM, have been producing scanners since the late 1950' s;
while, K.S. Paul (later Linotype-Paul) and Dainippon entered
21
the market during the 1960's.
The many technological breakthroughs and refinements
which have led to the widespread acceptance of the color
scanner have resulted in higher speeds, smaller sizes, more
controls, simpler operation, and lower costs. At the same
time the established processes of producing color separations
have become more expensive with rising material and labor
costs. Furthermore, the demands on color printing have in
creased both in terms of volume and quality. This increase
is expected to continue into the 1980* s, according to Nelson
R. Eldred, who reviewed the "GATF Techno-Economic Forecast:
1979-1983" in an article entitled "The Future of Color Print-
,,22
mg."
Clive Goodacre, in the article "Carry on Scanning,"
makes the following prediction:
The future of the scanner itself is similarly assured,
not only continuing its virtual takeover of an expanding
colour market, but also becoming even more computer-
oriented. This should produce a split in equipment
between those machines part of a total repro system
such as the Crosfield 570, Hell Chromacom, Coulter-Stork,
and Sci-Tex Response 300, and free-standing scanners
serving traditional planning requirements.
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The separation films generated from today's scanners
fall into two categories: those generated through a conven
tional halftone contact screen, and those generated by laser
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without the aid of contact screens. A major difference
between the two is in the configurations of the individual
dots. The contact screen halftones consist of soft dots
with a relatively large amount of fringe; while laser-made
halftones consist of hard dots with very little dot-fringe.
To the dot etcher the difference is significant since hard
dots do not etch as well as soft dots. The increase in
laser generated halftones is leading some dot etchers to
ward the new practice of dry etching.
Today's scanner can perform color correction func
tions which would be impossible by direct screening, but a
skilled and knowledgeable operator is required, and re
scanning after proofing is often necessary. In many cases,
however, it is not cost efficient to rescan for local color
corrections.
Graphic Arts Films: Lith and Rapid Access
An article on graphic arts films from British Printer
(February 1979) examines the dependence of printing systems
on photographic processes. It is predicted that future
trends will be away from reliance on film systems and toward
electronic imaging, but, for the immediate future, graphic
arts films should retain their dominance of prepress pro-
2u-
cesses.
Important factors for graphic arts films are color
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sensitivity, contrast, and dimensional stability. Color
sensitivity and contrast requirements change for different
applications, but dimentional stability is always desireable.
Thus, most graphic arts films are coated on polyester bases
rather than acetate, a common base for other photographic
a +. 25products.
Quality in reproduction has been advanced through
the development of special purpose films; for example, pan
masking film was introduced in the 1950's, facilitating tone
compression and color correction in making color separations.
Diffusion transfer, stabilization processing, and bright
light films are other photographic products which have made
reproduction processes more economical and faster.
Another article from British Printer, "The Art and
Science of Processing," (February 1979) discusses the pro
gress made in film processing machines since their intro
duction in the 1960's. The progress includes improved
transport systems, higher speeds, more accurate
replenish-
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ment systems, and simplified operation,
A new processing technology which has gained ac
ceptance and popularity among printers in recent years is
rapid access processing. The term "rapid
access" is very
descriptive; it is a means of processing photographic ma
terials with significantly reduced developing time due to
auxiliary developing agents and high temperatures. Rapid
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access processing can be used with many types of existing
photographic materials as well as with specially designed
rapid access films. These include: contact films, dupli
cating films, engineering reproduction materials, photo-
typesetting paper and film, continuous tone bromide materials,
and others. Rapid access processing is not a new develop
ment; it has long been used to produce x-ray negatives
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quickly for the medical profession.
There are several advantages to the use of rapid
access processing. One advantage is significantly reduced
processing time compared to traditional lith development
cutting dry-to-dry processing time from a minimum of kz
minutes to 90 seconds. Second, rapid access offers in
creased development latitude. With lith developers small
deviations from optimum time or temperature can cause sig
nificant reduction in contrast and effective film speed,
while rapid access developers allow more deviation before
the results are significantly changed. Third, rapid access
replenishment is less critical than lith replenishment.
Rapid access developers cannot be over-replenished and ex
hibit a wider tolerance to under-replenishment ; lith pro
cesses, in contrast, require a critical balance
of ingredients,
which are being constantly depleted by aerial oxidation, a
factor which has far less effect on rapid access developers.
Fourth, rapid access processing does not require control
strips and time-consuming start-up procedures. Fifth, rapid
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access processing is free of bromide drag and adjacency
effects. The reduction of these problems can be traced
to the fact that rapid access does not rely on infectious
development and the formation of by-products to be effec-
29tive. Sixth, rapid access processing uses simpler,
smaller, less expensive automatic processors. Two analyses
of processor costs performed by Viktor Tkaczenko (November,
1979) and J.H. Van Nood (April, 1979) agree that rapid
access processors usually cost 50$ less than lith processors
($5,000-110,000 compared to $l8,000-$22,000) Seventh,
maintenance of rapid access processors is simpler to perform
and less frequently required. Eigth, rapid access process
ing allows for reduced chemical inventories, reduced water
consumption, and energy use. These advantages combine to
make rapid access processing a logical choice for many
graphic arts applications.
The disadvantages of rapid access processing include
the following: First, halftone dot structures are better
formed on lith films than rapid access. Second, rapid access
produces lower maximum density (D-max) on the finished neg
atives. Nussbaum and Wiley report the maximum obtainable
density of rapid access film to be 4.5 as compared to over
5.5 for lith films. Third, rapid access films exhibit
lower overall contrast. The disadvantages of rapid access
processing are presently blocking its use in some graphic
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arts applications; for instance, for high quality halftone
formation.
The essential difference between rapid access and
lith processing is the type of developing used. Lith pro
cessing depends on a system of infectious development, while
rapid access does not. Most lith developers contain only
one developing agent hydroquinone. As this agent reacts
with exposed silver halide particles, hydroquinone is ox
idized to form semiquinone, which is a more active develop
ing agent than hydroquinone. Semiquinone, in turn, further
oxidizes to quinone, which reacts with the remaining hydro
quinone to form more semiquinone. This results in an ac
celerating development process in exposed areas, while there
is virtually no development activity in unexposed areas.
Infectious development creates the high contrast necessary
for good halftone dot structures.
An important limitation of infectious development
is that only small quantities of preserving agent (sodium
sulfite) can be used since it hampers the formation of semi-
quinones and quinones. The sodium sulfite reacts readily
with oxygen in the air leading to problems of aerial oxida
tion. Many developing systems contain compounds like sodium
formaldehyde bisulfate to act as a reservoir of sulfite,
replenishing the preserving agent as it is oxidized, but
lith systems cannot incorporate these compounds since the
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formaldahyde tends to react with the hydroquinone rendering
it inactive. The small quantity of sodium sulfite and the
lack of sodium formaldahyde bisulfite causes lith developers
to be susceptible to broad fluctuations in developer activ
ity, and thus necessitates exacting replenishing procedures.
Since rapid access does not use infectious develop
ment, it is not able to produce the high contrast and high
D-max obtained with lith processing. However, rapid access
gains in stability and developing latitude. Rapid access
developers have auxiliary developing agents (commonly phen-
idone and metol) which cannot be incorporated into lith
developers because they restrict by-product formation. It
is the action of these auxiliary agents which reduces in
duction time and allows development activity to begin within
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seconds of the immersion of the film. The induction time
relationship is seen on examination of the characteristic
curves in Figure 10 .
Rapid access developers have higher concentrations
of sodium sulfite than lith developers, resulting in a more
stable processing solution which is easier to keep in con
trol. An advantage gained from this difference is that
rapid access developers can be supplied in ready-mixed form
instead of the two part developers required for lith process
ing.
The unsuitable nature of rapid access for forming
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Figure 10
Characteristic Curves: Rapid Access and Lith
Density
lith
SOURCE:
10 20 30 40 50
Developing Time seconds
Jack R. Nussbaum, and Edward C. Wozny, "The Prom
ising Future of Rapid Access Processing,"
Graphic Arts Monthly 48 (May 1976): 55.
good halftone dot structures is linked to the characteristics
of short induction development. The characteristic curves
reveal a more abrupt "toe" region on the lith curve. Sur
prisingly, the straight line portions of the curves have
nearly equal gammas, which indicates processes of similar
contrast characteristics. However, the abruptness of the
toe region has a major effect on the formation of dot fringe.
For lith developers density stays fairly constant at low ex
posure levels, then increases dramatically when the thresh
old exposure is reached. With rapid access systems there
is a gradual increase in density at low exposure levels
52
resulting in dots with softer edges. In halftone formation
the vignette pattern of the contact screen causes some dot
fringe, and the combined effect of contact screens with
rapid access processing can result in halftone dots with
unacceptably high levels of fringe. The reduced D-max of
rapid access materials also detracts from halftone dot for
mation. The halftone dot cross-sections (Figure 11 ) reveal
the lower D-max, lower contrast, and greater fringe area of
rapid access halftones.^
Figure 11
Halftone Dot Cross-Sections: Lith Versus Rapid Access
D-max -
Fringe
Rapid Access Lith
SOURCE: Jack R. Nussbaum and Edward C. Wozny, "The Prom
ising Future of Rapid Access Processing,"
Graphic Arts Monthly 48 (May 1976): 56.
Rapid access films are, however, used for making
laser exposed halftone images. No contact screen is used
in these applications; rather, the halftone dots are indiv
idually exposed. Lasers are required for this task since
they can be focused on an extremely small area; they have
high intensity, and they present coherent light. Halftones
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made by lasers are characterized by hard dots with very
little fringe area.
Image Spread in Halftones
Hannu Saarelma, professor at Helsinki University of
Technology, conducted a study on image spread in halftone
photography. Saarelma was assisted in this project by Peter
Hartwall and Jean-Olaf Akerberg. The authors point out
that, due to image spread, modulations and responses in
photography are not all related to the density versus log
exposure curve. Image spread can occur either before or
during development. The former case, aerial scattering, was
the subject of study by Saarelma and his coworkers. Aerial
scattering, the authors report, is due largely to the dis
tortion of light beams in modulators such as originals,
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lenses, filters, and screens. Image spread also takes
place due to the scattering of light within the emulsion
layer as reported in the following passage:
In a photographic process, aerial and latent image
differ due to light scattering in the light sensitive
emulsion. This latent image spread is caused by
inner reflections of light quanta in the emulsion
before absorption by a silver halide grain. The
amount of light scattering in the emulsion depends
in the first place on physical properties of the
emulsion. 36
Saarelma, Hartwell, and Akerberg further report that
it is known that scattering within the emulsion is also de
pendent on the wavelength of the exposing light. Theoretically,
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greater absorption at a given wavelength should indicate
less scattering, but this only holds when the grain size
of the emulsion is large compared to the wavelength. In
the visible light region blue is scattered the most.^
The researchers found that halftone screening
causes an increase in scattering and in photographic speed;
further, it was found that increased scattering between
the screen and the emulsion causes a marked decrease in
density range. Practically no change of film speed was
found for low density values, but there was marked increase
in speed where larger dots were formed. The effects of
light scattering between the screen and the emulsion can
vary locally due to poor contact between the screen and the
emulsion. The construction of the exposure device largely
determines the degree to which the exposing light is dif
fuse, which, in turn, effects the amount of light scatter
ed
ing in the screen and emulsion.
The researchers report the following findings with
respect to the effects of the wavelength of the exposing
light on the density ranges of different photographic
emulsions:
Considering all the data presented in Figure 7A and
for both the film and the paper, a clear rising trend
of the density range with decreasing mean wavelength
of the exposing light is observed in the visible wave
length region. For the film, this trend continued to
the UV-wavelength region of the radiation. 39
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Saarelma and his coworkers experimented with several
different films reporting that, "...no general direction of
the effect of light quality on tone rendering was found for
these different makes of film."^0 However, unlike the effect
of aerial image spread, the effect of image spread within
the emulsion depends on the specific film used. The effects
of light quality have important implications for the color
separator using the direct screen method, as Akerberg,
Hartwell, and Saarelma report:
These results show that in direct screening, tone ren
dering can be expected to vary between different color
separations due to a change in the quality of the ex
posing light. The variations found the direction of
which is variable in the density range reproduced are
of such an order of magnitude that for these alone dis
cernible variations in print quality can be expected. 41
The authors further explain that the effect on tone
rendering of processing variables (such as, developer adja
cency effects) are not sufficiently well known and require
JO
further study.
Some of the implications of this study with respect
to dry dot etching are as follows:
1) Image spread is due in part to light scattering
within the emulsion, a property which varies
with different film types. It is expected, then,
that films would respond differently when sub
jected to dry etching manipulations.
2) With a contact screen in place, an increase in
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light scattering and a decrease in density range
were noted. It is suspected that photographic
masks plus the halftone original cause increased
light scattering during dry dot etching. The de
gree of scattering may vary with the number of
films through which the exposure is made.
3) The characteristics of the exposing light were
found to affect image spreading properties, and,
thus, the exposing light for dry etching should
remain constant.
4) Finally, halftone dot-growth is linked to process
ing characteristics, implying the processor should
be held within close control limits.
Color Measurement
Fred Billmeyer, in an article entitled, "Colorimetry,
Spectrophotometry, and Color Photography," lists three reasons
why color needs to be measured: first, the observer's mem
ory for colors is bad; second, judgments made between small
color differences are uncertain; and third, the perception
of color is influenced by the surrounding scene, the light
source, the object viewed, and observer-to-observer
differ-
43
ences.
Color measurement was also the topic of a 1979 TAGA
presentation by Richard Maurer. His study was prompted by
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growing awareness among persons in industry that existing
methods of color measurement can lead to error. As Maurer
explains:
Recently, there has developed within the graphic arts
industry a great interest in making color measurements
with colorimeters and spectrophotometers. This is pre
cipitated by an awareness that densitometry, although
important, is not sufficient. 44
Maurer cites the following problems with densitometric
readings: first, agreement between instruments is poor,
due to the variability of light sources, filters, and photo-
multiplier tubes. Second, densitometers cannot provide psy
chophysical measurements which relate to the sensitivity of
the eye. Third, measurements are not related to the CIE
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system.
'
The Commission International de l'Eclairage (CIE)
implemented a color system in 1931 which defines several
standard light sources, the characteristics of a standard
observer, and methods for calculating three tristimulus
values which uniquely define a color. Colorimeters are de
vices, much like densitometers in design, which measure
colors using standard illumunants and response values equal
to those of a standard observer. Agreement between instru
ments is improved, and the numbers relate to the tristimulus
values of the C.I.E. system.
Although colorimeters measure colors in relation to
standards, the results for metameric
pairs can be misleading.
58
That is, the colorimeter may yield equal values for two
colors even though they have distinctly different appear
ances under another illumination condition. In such cases
spectrophotometry would be necessary to describe how the
colors relate irrespective of illumination conditions. The
spectrophotometer measures and displays energy at each wave
length across the visible spectrum, and, in some cases, the
infrared and ultraviolet regions too. With these instru
ments the effects of fluorescence can be measured, metameric
pairs can be analyzed, and colorimetric coordinates can be
computed.
The color corrector, like others in the reproduction
chain, should be aware of the limitations of color measuring
systems used today. For instance, density values are not
associated with a characteristic light source or observer
and should not be used to establish specifications for color
reproduction. Also, densitometric readings vary widely bet
ween instruments and are not reliable for accurate communica
tions about color. Even readings from a colorimeter are
subject to problems of metamerism. A spectrophotmeter
characterizes colors accurately, but its use is impractical
for many applications.
Dot Area Metrology
A study of dot area metrology was
performed by Peter
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G. Engeldrum and reported in the 1972 TAGA Proceedings.
Engeldrum expresses the need for his study in the following
statement:
In color reproduction the problem of dot area measure
ment accuracy can become quite severe. If there is
inaccurate determination of the fractional dot area
of the halftone separations, then it is highly likely
that difficulty will be encountered in meeting the
gray balance criteria. 4/
Variations in dot-area measurements would be a significant
source of error in attempts to establish predictable spec
ifications for dry etching.
The method by which dot area errors were determined
is described in the following passage:
The dot area error determined from the total differen
tial of the Murray-Davies equation as a function of
the instrument reading accuracies was computed. The
color error, due to the inaccuracies of the instru
mentation, was determined from the dot area error, via d
the Neugebauer equations and a color difference formula. 48
Engeldrum points out that the Murray-Davies equation
(area equals the reflectance of the tint divided by the re
flectance of a solid ink patch) is equally valid for the
measurement of transparent halftone images where transmit-
tance is subtituted for reflection. Dot area error is des
cribed as a function of dot area, solid ink reflectance, and
measuring instrument accuracy. The color error (difference)
was calculated in &E units. Describing the scale of these
units, Engeldrum writes,
According to Wyszecki and Judd (I965), one unit of AE
is generally considered a "commercial" tolerance.
One third of a delta E is a just noticeable dif
ference in color for a trained observer under ideal
viewing conditions (Pearson, 1964).49
The findings of this study were that errors typical
ly increase with increasing reflectance, and that color
errors were greater for a densitometer than for a color
imeter by a factor of 4.6 times. The errors found with a
densitometer were generally greater than commercial color
matching tolerances (4.6 to 5.5 percent for small fraction
al dot areas); while errors found with a colorimeter (less
than 1.5 percent) were within commercial tolerances. The
colorimeter is superior, then, for measuring color images
and determining the effective dot areas of the color compo
nents. The reliability of the densitometer for measuring
dot areas on halftone separation films is not high, and
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physical measurement may be necessary for greater accuracy.
Conversion of Tristimulus Values to Dot Areas
The computation of dot areas required to match a
specified color was the subject of a 1972 TAGA study by
Milton Pearson and Irving Pabboravsky. A computer program
was developed which calculated the required effective dot
areas by indirect solution of the Neugebauer equations (a
modified form of which was used for increased accuracy) .
Effective dot areas could, with the aid of plate-press
curves for the four inks, be converted to film dot areas.
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Pearson and Pobbaravsky suggest the printing of the Neuge
bauer Test Object (a series of solid patches and overprints)
and the Plate-Press Test Object (series of single-color half
tone scales and solid bars) to obtain the needed data for
conversions. With the use of their program the printer
could calculate the halftone dot values needed for any color-
imetrically specified color. If exact reproduction of the
original was desired, a colorimeter could be used to obtain
the tristimulus coordinates. Unfortunately, exact color
imetric duplication does not ensure good color reproduction
results in printing. Still, it is desireable, at times, to
match a given color exactly; for example, trademark colors
might be specified by tristimulus values with close toler-
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ances.
Color Perception and Color Printing
Color evaluation in printing is both complex and
subjective due to the nature of color, our perception of
it, and the limitations of today's reproduction systems.
Joseph E. Kling, of Eastman Kodak Company, reviewed the sub
ject of color as applied to graphic reproduction in a 1980
TAGA paper. Color reproduction now accounts for 50$ of the
printing done in the U.S., and Kling predicts it will play
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an ever-increasing role in the future.
Bonnie Swenholt, of Kodak's Photographic Technology
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Division, describes the subjective nature of color in the
following passage:
The eye is a transfer mechanism and it takes signals
from the outside world and translates them into a
signal which the brain then interprets. And this is
why color perception is so different from specifying
color stimuli. The stimulus is the physical part,
perception is the mental part. And it takes both. 53
The Munsell system of organizing color is commonly
used in the graphic arts. Munsell was an artist who relied
on visual perception to arrange paper chips in a system based
on three color variables (hue, value, and chroma). The CIE
system is the most accepted reference for color measurement;
it describes colors by coordinates relating to the responses
of a theoretical standard observer. Like Munsell, the CIE
system depends on three principle factors which enable an
observer to distinguish between colors. These are the wave
length associated with the color sensation, called hue; the
brightness of the color, called intensity or value; and the
degree to which a hue is present in a color, called its
chroma, saturation, concentration, or purity.
Color may be characterized as physical, psychological,
or psycho-physical depending on the purpose of the invest
igation. Densitometric measurements, for example, are phys
ical and are limited in usefulness to process control.
Measuring color is better done with colorimetry or spectro
photometry, both of which can be
related to human perception.
Kling reports that the many factors influencing color
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perception (individual differences, surround conditions,
subject matter, etc.) make the establishment of an ideal
color reproduction model unattainable.55
Consistent quality in color reproduction requires
that the printing process be in control. This involves
many factors including: paper and ink characteristics,
platemaking, pressmanship, etc. The printer must begin with
color originals of many film types and produce matching re
production characteristics. This is difficult since each
type of film must be treated differently, as Anson Hosley,
of Case Hoyt Co., explains,
You could take 10 different types of color film, photo
graph a subject to a neutral balance, all 10 would
appear equal when viewed on a, say
5000*
transparency
viewer; however, all 10 would reproduce differently
on electronic scanners or by photomechanical means
other than a scanner. 56
Even if the printing system were in control, good
quality color reproduction would not be assured. There are
subjective judgements which affect the outcome. The judge
ments relating to tone reproduction are described in the fol
lowing passage:
...a printed reproduction is limited to a maximum
density of around 1.6 to 1.80. A transparency, on the
other hand, can capture a density of 3.0 or more. So
we have to compress in a controlled manner the values
in the transparency to known limits of the printing
process. This entails decisions. Do we emphasize the
highlight or the shadow detail? With which are we
most concerned? How do we create the best illsion of
color that establishes in the consumer's mind the orig
inal image? Especially how do the creative desires get
translated into the printers abilities?57
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Communications, about the capabilities and limit
ations of the reproduction system with the buyer of color
printing are improving with the growing use of ink gamut
charts, standardized viewing conditions, color viewing
filters, and more reliable proofing methods. Efforts to
ward further improvements continue, as Cal McAmy states in
the following passage:
I'm chairman of the density standards sub-committee of
the American National Institute and our principle pro
ject at the moment is to arrive at the spectral con
ditions that will be most suitable for densitometric
measurements in the graphic arts. And what we're try
ing to do now is design the red, green, blue response
of the densitometer specifically for the kinds of inks
used for printing in the graphic arts. 58
In projecting the future direction of color repro
duction technology, Kling suggests that computer controls
will become even more prevalent. Some advantages of com
puterized control are listed as follows:
The advantages of computerized control of the printing
process are compelling. Relatively inexperienced
people can perform sophisticated tasks without years
of experience. However, it forces us to assign num
bers to the process. This leads to better control of
grey balance, tone reproduction, and color correction,
which means better, more predictable printed color
results. It provides a common language so that com
munications are improved within the printing plant and
between printer and buyer. 59
Color: Concepts and Terms
The concepts and terms used to specify color appear
ance was the subject of a presentation made by R. W. G. Hunt,
65
of Kodak Limited, to the American Institute of Color (AIC)
Congress in 1977. In this presentation, Hunt reviewed con
cepts for specifying color appearance and the terms by
which colors are described. Hunt also identified three
phases which must be addressed in the development of color
specifications: color matching, color differences, and
color appearance. Several new terms were suggested for des
cribing certain attributes of color.
It was explained that, "Although colour has many
attributes, the trichromacy of the retina makes it possible
to consider it initially as a function of only three vari
ables. The derivation of three suitable variables for
color specification from spectral data resulted in the CIE
system in 1931 The specification of color tristimulus
values (X, Y, Z) was facilitated in i960 with the develop
ment of the CIE Uniform Chromaticity Scale (UCS) which re
lated its chromaticity coordinates (u, v) of equal perceived
color differences to the CIE tristimulus values. In I964
the uniform color space (W* U* V*) was developed allowing
for assessment of colors differing in both chromaticity and
luminance factors. Further improvements were made to the
CIE system in 1976 when a modified version of the UCS dia
gram was developed, and the (L* a* b*) and (L* u* v*) color
spaces and their associated color difference formulas super-
ceded the (W* U* V*) color space. These CIE color spaces
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have been used for evaluating color matching or color dif
ferences in connection with the color rendering of light
sources and reflection surfaces. However, the third and
most difficult phase of specifying color appearances is not
well developed according to Hunt, as explained in the fol
lowing passage:
The third phase of colorimetry is concerned with colour
appearance: not which colours match, or whether colour
differences are equal, but what colours look like.
Although colour appearance has been the subject of
much research, especially in recent years, agreed pro
cedures for specifying colour appearance are as yet
largely unformulated. 53
Hunt explains that to specify color appearance suc
cessfully it is first necessary to identify attributes that
are significant, and then to use terms to describe them in
an unambiguous way. There are attributes of color which are
objective (described by corresponding objective terms) and
others which are subjective (described by subjective terms).
There are efforts to objectively scale subjective terms
because, as Hunt writes, "The specification of colour ap
pearance requires the use of suitable measures that relate
to the magnitude of perceptual
attributes..."
Hunt broadly divides color specification terms into
four categories: psychophysical terms, psychometric terms,
psychoquantitative terms, and perceptual terms. Hunt's def
initions for these terms are as follows:
67
Psychophysical terms:
Terms denoting objective measures of physical
variables that are evaluated so as to the mag
nitudes of important attributes of light and
colour. These measures identify stimuli that
produce equal responses in a visual process in
specified viewing conditions.
Psychometric terms:
Terms denoting objective measures of physical
variables that are evaluated so as to relate to
the magnitudes of important attributes of light
and colour such that equal scale intervals repre
sent approximately equal perceived differences
in the attribute considered. These measures
identify pairs of stimuli that produce equally
perceptible differences in response in a visual
process in specified viewing conditions.
Psychoquantitative terms:
Terms denoting objective measures of physical
variables that are evaluated so as to be propor
tional to the magnitudes of important attributes
of light and colour. These measures identify
stimuli that produce equal differences in mag
nitude of response in a visual process in speci
fied viewing conditions.
Perceptual terms:
Terms denoting important attributes of sensations
of light and colour. Any measures of such attri
butes must indicate the subjective magnitudes of
response in a visual process. 65
The first three categories above are objective while
the last category, "perceptual terms", is subjective. Hunt
presents charts containing suggested terms for attributes of
color under each of the above four categories. There are
separate charts for related and unrelated colors. Unrelated
colors are light sources; while related colors are reflective
68
surfaces. Hunt's list of terms for related colors is re
produced in Figure 12.
Figure 12
Terms for Related Colors
Subjective Objective
Perceptual Psychoquanti-
Term tative Term
Psychometric Psychophys-
Term ical Term
1: brightness (quantitative
or lumin- brightness)
osity
2: lightness
3 hue
4A: (colour-
fulness)
(quantitative
lightness)
(quantitative
hue)
(quantitative
colourfulness)
4B: saturation (quantitative
saturation)
4C :
4D: (perceived (quantitative
chroma) chroma)
SOURCE:
(metric luminance
brightness)
metric
lightness
metric hue
luminance
factor
dominant
wavelength
(metric
colourfulness)
(metric
saturation)
(metric
purity)
metric
chroma
purity
R. W. G. Hunt, "The Specification of Colour
Appearance: Concepts and
Terms," Color Research
and Application 2
'
(Summer 1977): 60.
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The attributes considered by Hunt were brightness,
lightness, chroma, colourfulness, saturation, and perceived
chroma. The attributes of brightness and lightness are
achromatic in nature while the remaining terms are chromatic,
Hunt defines these attributes as follows:
Brightness:
the attribute of a visual sensation according to
which an area appears to emit more or less light
Lightness:
the attribute according to which an area appears
to reflect diffusely or transmit a greater or
smaller fraction of incident light
Chroma:
attribute of a visual sensation which permits a
judgement to be made of the amount of pure chro
matic colour present, irrespective of the amount
of achromatic colour
Saturation:
attribute of a visual sensation according to which
an area appears to exhibit more or less chromatic
colour judged in proportion to the brightness
Colourfulness:
attribute of a visual sensation according to which
an area appears to exhibit more or less chromatic
colour
Perceived chroma:
attribute of a visual sensation according to which
a related colour appears to exhibit more or less
chromatic colour judged in proportion to the aver
age brightness of its surroundings 66
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Hunt explains many of the interrelationships be
tween these attributes. For instance, it is explained that
saturation and perceived chroma may be regarded as types of
relative colourfulness; that lightness is an independent
variable while saturation and perceived chroma are dependent;
and that the terms "saturation" and "chroma" denote the
strength of the subjective chromatic responses by which "hue"
a 67is recognized. '
Most of the terms presented in Figure 12 are found in
the CIE literature, while those terms enclosed in parentheses
are Hunt's suggestions. In selecting terms for describing
color attributes it is helpful to consider that psychometric
terms are appropriate for measuring differences, while psycho
quantitative terms are used for measuring magnitudes. However,
measuring perceived color differences is not reliable as
Hunt warns:
...in the present state of knowledge it is not possible
to construct comprehensive formulae for psychoquanti
tative or psychometric measures that take account of all
the factors affecting colour
appearance."8
Adaptation Effects in Viewing Color
Communicating about color is made difficult by adap
tation effects in the human observer. This problem was ad
dressed by J. R. W. Hunt in a lecture at the Royal Institute
in London in 1975. Hunt delineates between spatial and color
adaptation, and also between
instantaneous and delayed
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adaptation. An example of instantaneous spatial adaptation
is the apparent difference between two same-size bars placed
in different spots along a picture of a receding roadway.
In this case, the bar in the foreground would appear to be
smaller in size, and the effect would be noticeable immedi-
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ately. By contrast, an example of delayed spatial adap
tation is presented in the following passage:
...If an observer allows his point of fixation to wander
back and forth along a short horizontal line situated
between two patterns of vertical bars, one of coarse
spatial frequency, and the other of fine spatial freque
ncy, then, on transferring his gaze to two patterns of
equal spatial frequency, they appear to be of different
spatial frequency. '0
The above described adaptation requires tens of seconds to
take place.
In color reproduction, the adaptation effects concern
ing color viewing are of greater interest than the spatial
adaptations. Instantaneous color adaptations are, according
to Hunt, "generally attributed to the observer 'discounting
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the colour of the illuminant ' . " An example of the phenom
enon is described as follows:
A picture of a scene taken through a red filter is pro
jected with a red filter over one projector, and a pic
ture of the same scene taken through a green filter is
projected in register using white light. Under these
conditions, remarkably realistic colour reproductions
can be achieved for certain types of subject matter.
The observer discounts the pinkish cast of the red-and-
white mixture so that the white light on its own looks
blue-green. If the registration of the picture is im
paired, however, at first slightly, and then grossly,
it will be found that the colours perceived revert at
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first slightly, and then almost completely, to just red,
pinks, and whites. Thus the pink cast of the illuminant
is discounted most if the pattern of light depicts the
scene with natural-looking geometrical shapes, and least
if the illusion of a single meaningful scene is largely
shattered. (*
The effect described above occurs instantaneously.
The interrelation between color perceived and the geometrical
familiarity of the image is noted.
In addition to the above described instantaneous
adaptation affects, there are gradual color adaptations. An
example of gradual color adaptation is the case of the eye
adjusting to the prevailing color of light in the visual field,
which takes from two to three minutes. If a print is well
illuminated, and occupies the whole field of view, gradual
color adaptation allows the observer to see nearly constant
color values under changing illumination conditions ranging
from tungsten to daylight. With the added effects of instan
taneous color adaptation, a complete constancy of appearance
can virtually be attained. This effect does not occur to the
same extent if the print occupies a smaller portion of the
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observer's field of view.
If the effects of adaptation are to be considered in
color reproduction, then the relationships between conditions
and effects have to be quantified. Hunt described a study by
Helson, Judd, and Warren which attempted to relate the scaling
of colors against different backgrounds, with a combination
of the change in stimulus and the adaptation of the observers.
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Hunt also discussed three other studies of similar nature
(Nayatani et al.; Rowe; Pointer and Dare).^ The relation
ships between the adaptation effect and the stimulus have
often been described by a Von Kries type of transformation.
The Von Kries transformation rests on the assumption that
the change in adaptation consists of changes in the sensitiv
ity levels of three cone mechanisms of the eye. From this,
a set of three equations can be generated to quantify the
relationship between tristimulus values under two different
illumination conditions. However, Hunt feels that Von Kries
transformations are not based on correct assumptions about
the adaptation process; he reported:
In all cases it is found that Von Kries type transfor
mations can only describe the experimental results ap
proximately, and it seems clear, therefore, that the
effects of changes in adaptation cannot be caused only
by changes in the sensitivity levels of three cone mech
anisms. In view of the constancy of metemeric matches
with most changes in adaptation, it seems unlikely that
changes in the shapes (as distinct from the heights)
of the spectral sensitivity curves of the three cone
mechanisms can be used to explain the discrepancies.
It seems most likely that the explanation lies in adap
tation changing some of the nonlinear processing of the
signals in their journey from the photoreceptors along
the visual pathway to the brain.
'->
In place of Von Kries transformations Hunt suggests
defining equivalent stimuli by means of grids of lines of
constant hue and saturation for various adaptation conditions.
A second possible source of error in present color
adaptation studies is the use of haploscopic color matching
in evaluating color pairs. In haploscopic matching equivalent
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colors are determined by adapting the two eyes to two dif
ferent illumination conditions and viewing one color with
each eye. Hunt suggests that scaling techniques would pro
vide greater reliability of color evaluation.77
Color Reproduction Specifications
Color reproduction is limited with respect to the
contrast range which can be printed. This range is consid
erably less than the contrast range of the original scene
being depicted, so exact color-for-color reproduction is not
possible. Finding the best approximation for color repro
duction is a subjective issue. Two studies concerning optimum
tone and color reproduction, Hunt (1975) and Evans (1959),
agree that a sensible objective for color reproduction is to
provide the effect the customer prefers (thus, a subjective
evaluation system) . Further, the studies concur that dis-
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tortions toward memory colors provide pleasing results.
For a higher assurance of achieving acceptable repro
duction, objective criteria are desired wherever systems can
be measured. Even subjective judgments can be made more
reliable by using standard observers and standard viewing
conditions.
The specifications for color reproduction were studied
by Birkenshaw (1977) to determine the limitations of existing
color separation systems with respect to meeting ideal
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specifications. Initially, the variables affecting repro
duction are acknowledged including the effects of different
papers, inks, and presses. Birkenshaw then points out that
variations in the original also affect optimum reproduction
requirements; so, "the colour separarion system has to simul
taneously cater to two sets of requirements those of the
"7Q
original and those of the printing process.
In defining the objectives for optimum color repro
duction, Birkenshaw lists three criteria in order of impor
tance as follows: optimum tone reproduction, achieving gray
balance, and optimum color correction. Compromises must
often be made at the expense of color correction to serve
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tone reproduction and grey balance.
Factors which influence optimum tone reproduction
include the following: the lightest and darkest densities
of the original, the presence or absence of specular highlights,
the D-max of the printing process, and the "characteristic
curve" for each color in the process. Birkenshaw reports
that color separation systems do not currently account for all
the above factors. In photographic separation systems (di
rect and indirect) the tone reproduction is principally deter
mined by masking, which also determines color correction.
The optimum specifications for a mask cannot be determined
without consideration of the many factors affecting the print
ing results, as well as the
characteristics of the original.
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Birkenshaw concludes that, "it is not surprising that many
colour separation systems work with a fixed mask character-
81
istic."
Color scanners have more capacity to produce optimum
tone reproduction specifications, but there is difficulty in
achieving this optimum in practice, as Birkenshaw reports in
the following passage:
Some alteration to the tone reproduction curve is pos
sible on scanners to suit the requirements of individual
jobs. Such adjustments, however, are usually based on
subjective judgements and there is no knowing whether
a particular setting is optimum for a particular orig
inal. 82
Second in importance to tone reproduction is achieving
gray balance. Birkenshaw explains that without gray balance
colors will be incorrectly rendered (although proper gray
balance alone does not assure correct color rendition). The
oretically, neutral tones would be formed by equal amounts of
the three subtract ive primary inks; however, in printing the
inks used are not pure subtractive primaries. In practice,
then, more cyan, less magenta, and still less yellow must be
printed together to create neutral hues. The relationship of
dot areas required on the three printers for neutrals is
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graphically shown in Figure 13.
Birkenshaw reports that photographic separation sys
tems usually attain gray balance through a standard exposure
method, trusting largely to the manufacturers of separation
film and filters to provide for gray balance in the character
istic curves or spectral absorptions of their materials.
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Figure 13
Dot Area Requirements for Gray Balance
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SOURCE: J. W. Birkenshaw, "A Study of the Tone Reproduction
Capabilities of Colour Reproduction Systems,"
PIRA Report #143 (1977): 7.
When the standard does not fit the characteristics of the
printing system, some adjustment to the inking levels on the
press can improve gray balance, but Birkenshaw warns that
this only works if all pictures being printed at one time
84
were prepared in an identical manner.
Color correction requirements are of lesser importance
to the overall reproduction quality than tone reproduction or
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gray balance. The color correction requirements are depen
dent on the printing inks and the original, but these re
quirements are often regarded as fixed in photographic
systems, as Birkenshaw writes,
in most camera separation systems the colour correction
mask characteristics are fixed recommendations on al
tering mask charateristics to cope with changes in ink.
colours are totally absent in most instruction sheets. ->
There are instances where color correction is sacrificed to
improve tone reproduction. For example, masks are sometimes
exposed to record highlights on the shoulder of the mask's
characteristic curve. This increases highlight contrast
(improves tone reproduction), but it also reduces color cor
rection in the highlights, where more is actually needed.
Scanners have a greater capacity for making specific
color correction adjustments; however, the capacity for color
correction does not assure optimum results. As Birkenshaw
notes,
both the basic setting and any subsequent adjustments
of the machine are done largely by trial and error.
Objective methods are available (8, 9) and their use
would ensure a basic setting that was closer to
opt-
and any alterations would be less
subjective.50
lmum
Birkenshaw then discusses the concerns of creating
specifications for today's separation systems.
a colour separation system actually needs a specification
to work to since this defines the required output from
the system and contains details about how the input
should be processed in order to obtain
it.'
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Birkenshaw developed a computer program to establish specif
ications for color reproduction systems. The input data
required to specify tone reproduction was: the characteristic
curve of the original photographic material, the viewing con
ditions of the original, the diffuse highlight density, the
shadow density, the maximum density of the printing process,
and the desired treatment for specular highlights. As Birken
shaw explains, "The program, using the above information,
calculates a custom made optimum curve and subsequently uses
this to process input data. No current colour separation
system works in this way." Further input data, processed
with respect to the optimum tone reproduction curve, is needed
to establish specifications for color correction, grey balance,
printing characteristics, and the black printer. For highest
accuracy, 27 density readings are needed to specify color
correction and grey balance. These are readings of the solid
cyan, yellow, and magenta patches and the overprinted tints
measured through green, red, and blue filters, preferably
giving high q-factors (correlation between color separation
sensitivity and color mixture functions). Specifying the
printing characteristics requires
the printed densities pro
duced by film dots from 0 to 100 percent. To specify the
black printer the following information is needed: the per
centage of under color removal required, the maximum three
color grey, the maximum density of the printing process, and
the density of black ink required to increase the three color
grey to the process maximum. With all of the above input
data presented, the computer program derives optimum color
reproduction specifications for the printing system consider-
ed.*9
Birkenshaw presents graphs showing changes in optimum
specifications caused by variations in certain conditions of
the process. In discussing the application of specifications
to real printing systems Birkenshaw suggets, "the Peirson-
Pobboravsky (14) equations could be used to calculate actual
exposures to produce the required curve shapes."
Birkenshaw draws two conclusions from his study. First,
camera colour separation system and to a lesser extent
scanners are limited in their ability to respond to the
requirements of a specifications, given the techniques
normally recommended and, in particular, the constraints
of a production system. 91
The second conclusion is that the model system presented sup
plies techniques which could increase the ability of repro-
92
duction processes to meet requirements of specifications.
Color Transparencies with Reproducible Tone Scales
Most color reproductions today are made from trans
parency originals. Unfortunately, there are difficulties
inherent in printing from colored transparencies which make
faithful reproduction of the original impossible. This is
a potential cause of dissatisfaction among buyers of printing,
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who make direct comparisons between the color transparency
original and the printed results. A study, entitled "How
to Obtain Coloured Originals with a Reproducible Tone Scale
in Printing," was undertaken in an effort to reduce the prob
lematic gap between transparency appearance and printed
result. The author, Kurt Schlapfer, reported the findings
at the 14th IARIGAI Conference in Marbella, Spain in 1975.
Schlapfer lists several conditions making exact dupli
cation of transparency (and other) originals unattainable in
printing. First, the original is on a film base viewed by
transmitted light; while, the print is on paper and is viewed
by reflected light. Paper characteristics which must be con
sidered include: gloss, brightness, surface texture, and
absorbancy. Second, coloring materials other than those of
the original are used in the reproduction process. Some of
the colors of the original may be non-reproducible with the
inks used in printing. Also, metameric pairs are formed giv
ing rise to customer-printer confusion. Third, the original
continuous tone image will be reproduced by superimposed half
tone dot images (three or four) which alters print appearance.
Fourth, the reproduction is often made at a different size
than the original resulting in differences in perceived sat
uration and lightness. The preceding four problems are con
sidered by Schlapfer to be largely unavoidable. A fifth con
cern, considered avoidable,
is the subject of Schlapfer 's
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research; it is the extended density range of the trans
parency original, which is far greater than the maximum
obtainable density range of the printed result.93 Schlapfer
writes as follows:
One of the major disadvantages of coloured transmission
originals is their high density range. Though there
are laws to compress the tone scale in the photomechani
cal reproduction process, a loss of tonal values occurs
making the comparison between original and reproduction
more difficult. 94
Three methods of reducing the tonal range of trans
parencies were examined in Schlapfer 's study: the addition
of a flash exposure to the transparency film, using color
duplicating film in the camera, and processing in a weak de
veloper. The three methods are all aimed at reducing the
contrast gamma of the transparency- The contrast of trans
parency materials are set by the manufacturers for viewing
in a dark room (i.e., dark surround conditions) which neces
sitates the higher contrast. Schlapfer reports that the
gamma for subjectively pleasing pictures to be viewed in
dark surround are from 1.6 to 1.9; while good results in
white surround conditions (such as the printed sheet) re
quire a 1.0 gamma. However, when transparency originals are
to be compared with printed copies Schlapfer writes, "a
visual accord between both can only result in the case of
identical
gammas."95There is inherent difficulty in attempt
ing to fit the density range of the transparency to that of
the printing because the density range of the printing is
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determined by several interrelated factors which are diffi
cult to predict. Schlapfer lists the following five factors
affecting the density range of the reproduction: the solid
ink densities, dot gain, ink scale (END curves), maximum
allowed dot area in four-color overprints, and the paper.
Schlapfer felt that reducing the density range of the trans
parency to about 2.0 would ease confusion between customers
and printers; however, customers might resist transparencies
with reduced density ranges since, "reducing the density
range results in a loss of perceptible tone steps and hence
96in a loss of information."7
Schlapfer *s findings with respect to using a flash
exposure in conjunction with the image forming exposure were
not favorable. First, the flash was found not to compress
the tones evenly throughout the scale, and, second, color
shifts were found to accompany the flash exposure. Schlapfer
writes, "...the flash seems not to be ideally suited to com
press the density range, because the colour reproduction is
97
negatively affected.
"'
The findings with respect to using duplicating films
in the camera were mixed. Duplicating film was chosen be
cause it was the only color reversal material available with
a contrast gamma near the desired 1.0. However, the film's
slow photographic speed was found to be a limiting factor.
Also, the results varied with different brands of duplicating
film; Kodak duplicating film was found to give acceptable
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results, while Agfa's duplicating film caused unacceptable
color shifts.9
Finally, the technique of processing the transparency
film in weak developers was found to be the most successful
of the three methods tried. Schlapfer warns that varying
the developer time and temperature does not produce lower
gamma, but that a specially formulated developer is required.
However, such developers are not available for all film types.
In conclusion, it was found that transparencies could be pro
duced with limited density ranges approximating the density
range of four color printing. The advantages would be that
the transparency would not undergo the dramatic loss of in
formation in being transformed to the printed page, and that
evaluations between transparency and printed result would be
less ambiguous. An unanswered question was whether low den
sity range transparencies (which would present a more limited
rendition of the original scene than other available trans-
QQ
parency films) would be accepted by commercial photographers. 7
Effects of Original on Color Correction
A study of "The Dependence of Colour Correction Re
quirements on the Original" was performed by Clapper, Brene-
man, and Browstein, of Eastman Kodak Company, and presented
at the 1975 conference of IARIGAI. The study examines masking
requirements for color correction in relation to the colors
S5
and the viewing conditions of the original. Clapper and his
coworkers note that masking requirements have traditionally
been determined by measuring ink densities through colored
filters; however, it is demonstrated that "...colours in the
original which visually match the inks should be used instead
of the inks themselves." 00 The authors explain that dye
sets vary appreciably in the proportions required to reproduce
specified colors. In addition, when there is not a high de
gree of correlation between the color separation sensitivities
and color mixture functions (a high q-factor), then the color
ants of the original transparency will influence the masking
requirements for accurate color correction.
Clapper, et al., further point out that,
An important effect on colour correction requirements
arises because transparencies and reflection prints are
normally viewed under very different conditions. There
fore, colours in these two media which appear like the
inks are physically quite different.
In the case of transparencies their intended viewing
condition is with dark surround (e.g., in a darkened room).
The gamma or contrast of transparencies is higher than the
desired gamma in reproduction prints. Earlier studies by
Breneman and Bartelson demonstrate that dark surround view
ing conditions have an apparent contrast reducing effect on
the perceived tone scale.
-* For instance, a transparency
might have a gamma as high as 1.5 and a perceived contrast
with dark surround of 1.0. The way this contrast difference
relates to masking requirements in color reproduction is
explained by Clapper, Breneman, and Browstein as follows:
. . .when the original is a transparency, intended for
dark surround viewing, colour patches must be appropri
ately adjusted for the different luminance contrasts
required for dark-surround and bright-surround viewing.
This requires an increase in the amount of masking that1n,
must be done when working from a transparency original.
*
The color corrector should be aware of the effects
of viewing conditions on perceived color. Standard illumi
nation and special transparency viewers should be used in
communicating about color within the reproduction chain.
The concerns of dark-surround viewing were also dis
cussed by Akrenkilde, Archer, and Yule in a 1971 TAGA paper.
It was observed that transparencies viewed in dark surround
conditions are often used to judge the results of color re
production. One inherent difficulty with such a system is
that the eye adapts to the color balance of the transparency
in dark surround conditions, as demonstrated by Ralph Evans
in an experiment where groups were shown a series of slides
each changing slightly and progressively in color balance.
The viewers adapted to the off-balance colors, picking a re
ference white in the picture and mentally performing a color
shift to maintain pleasing rendition. At the end of the se
ries the first and last slides appeared on the screen simul
taneously and a marked difference was apparent. The color
balance of the last slide was no longer acceptable or pleasing.
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In this demonstration if the slides had been projected with
white borders, the color shifts would have been quickly
105
noticeable.
J
Adaptation effects and contrast differences pose
communications hurdles when transparencies are used to eval
uate the results of printing. Ahrenkilde, Archer, and Yule
developed a variable brightness transparency viewer with
built-in white surround and controlled flare light. The
purpose of this viewer was to prevent adaptation effects and
cause the contrast and color saturation of transparencies to
appear like the results of the reproduction process. The
use of this device can improve the visual correllation be
tween transparency and printed image.
Tone Reproduction in Color Printing
Tone reproduction objectives take precedence over the
color correction requirements in today's color reproduction
systems. Tone reproduction refers to the adjustment of tonal
values from shadow to highlight. The range of tones in the
original transparency is commonly reduced by a factor of 50x
in the printed reproduction. Anthony Johnson, in an article
from the Penrose Annual (1977-78), reported that during the
last 20 years tone reproduction objectives have shifted to
ward emphasis on scales based on luminosity (the sensation
produced by a light source) rather than luminance (the mag-
nitude of the light source). Density values are imperfect
as scales for tone reproduction objectives because, as
Johnson reports,
Rhodes (1954) pointed out that a straightforward analysis
of density comparisons is somewhat misleading because
equal visual tonal differences do not compare to equal
density differences throughout the tone scale. 107
For this reason densities are sometimes plotted on graph paper
with a non-linear density scale, using Munsell values to de
scribe the relation between the original and reproduction.
Johnson reports that the preferred tone reproduction
for color originals utilizes a "toe" in the highlight areas
because,
...it is not possible to reproduce the reference whites
at a density significantly higher than that of the bor
der without detracting from the appearance of the repro
duction. 108
However, the reproduction must carry some information between
the reference white and the specular highlights or the repro
duction will appear to have holes. In Johnson's words,
usually a compromise is reached by placing the reference
white at a density slightly above that of the border,
and maintaining some highlight detail by means of a "toe"
in the reproduction.
10"
Anthony Johnson also authored a 1977 PIRA Report on
tone reproduction in color printing. Johnson examined tone
reproduction with the aim of describing perceptual relation
ships which can be objectively measured allowing the establish
ment of a systematic approach to color reproduction. This
attempt to objectively measure perceptual relationships re
quired specifications for best reproduction characteristics.
The role of the subjective element in determining best re
production quality is demonstrated by several studies. Yule
(1963), for instance, found that "best" reproduction quality
bore little resemblance to most accurate printquality.110
Jorgenson (1975) found similar results. On this, Johnson
writes as follows:
Jorgenson suggested that the observer when assessing a
reproduction, tends to select an area of interest. For
some prints such an area may be obvious and selected by
all observers, whereas for different prints there may be
more than one such area and various observers will se
lect different regions depending upon their tastes or
bias... The problem is compounded by the fact that the
area of interest was not common to all observers and
hence between them they chose a variety of optimum re
productions for any one subject.Hl
Thus, there is difficulty in describing a fail-safe
perceptual relationship for tone reproduction due to its
subjective nature.
The establishment of tone reproduction objectives is
complicated by the fact that luminosity perceived from a
light source depends on the surround conditions of viewing
as demonstrated by Breneman (1962) and Hunt (I965), among
The effect of a dark surround, for instance, is
to lighten the sensation of colors, but this does not occur
uniformly, being greater in shadow tones. There are also
difficulties in establishing a systematic approach to tone
reproduction which arise from the extended density range of
the original, the enlargement or
reduction requirements, and
from non-reproducible colors in originals.
90
Tone reproduction systems of today (begining with
Nelson, I966) are based on luminosity (the magnitude of a
sensation produced by a light stimulus) rather than luminance
(magnitude of the light stimulus itself), an older approach
based on the work of Jones in the 1920' s. ^ Johnson de
scribes the condition leading to the adaptation of luminosity
in tone reproduction objectives in the following passage:
...an original live scene may be viewed in bright day
light illumination levels as high as 100,000 lux (Hunt,
19o7), whereas a typical indoor illumination lies be
tween 50 and 300 lux. Nevertheless, a white object
viewed in both situations will appear similar in each,
and yet the luminances differ by a factor of approx
imately 1000:1. The fact that the sensation of white
ness is maintained means that the luminosity is approx
imately the same in each case. 14
The constancy of sensation described above is depen
dent on the adaptation capabilities of the observer. Johnson
explains that reproducing the luminance of the original ex
actly would not result in equality of luminosity. The effects
of viewing, such as the surround conditions and the angle
subtended by the eye, will alter the luminosity of the repro-
duction.
In examining the effects of size change on tone repro
duction requirements, Rhodes (1978) notes that changes in size
are accompanied by both local adaptations and simultaneous
contrast changes in the eye. The latter occur instantaneously
and are caused by the inhibition of receptors in the retina
due to action of neighboring receptors. Local adaptation takes
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several minutes to occur and is a limited form of general
adaptation. Rhodes suggests that no simple change in repro
duction contrast will compensate for the local effect, and
he concludes that handwork on the separation films may be
required. The area of local adaptation is still largely
unquantified and in need of further study.
Hunt (1965) found that a typical transparency, when
displayed on a screen, exhibited a range of 2.1 log units of
luminance even though the measured density range of the trans
parency exceeded 3.0. The causes of flair and high ambient
light were postulated to explain this effect. Prints display
a similar reduction in luminance (1.45 log units of luminance
with greater than 2.0 density ranges) due primarily to first
surface reflections. Hunt also found that high levels of il
lumination increased the luminosity of white objects but had
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only a marginal effect on overall contrast.
Johnson reported that Bartleson and Breneman (I967)
did significant work in quantifying luminosity as a function
of surround conditions and the luminance level. They found
that dark surround conditions alter effective contrast by
apparently lightening shadow areas more than highlights.
Bartleson and Breneman conclude that it is necessary to re
produce a scene's relative luminosities for accurate color
reproduction; however, it is noted that relative luminosity
curves change slightly over a wide range of luminances due
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to contrast changes (a variance which is considered negli-
1,1 \ H8
gible) .
Johnson reported that John Yule (1975) attempted to
improve the transformation equations developed in the Bartle
son and Breneman study. Yule noted that the shadow contrast
recommended by Bartleson and Breneman was too low. Johnson
states that Jorgenson (1975) found similar discrepancies.
Viewing conditions have a considerable effect on the
appearance of a print. Birkenshaw (1976) showed that the
apparent tone reproduction of a print can be altered by chang
ing the conditions of viewing. Johnson strongly recommends
the use of standard viewing conditions for prints (presently
5000 K, with a ratio of luminous flux of 2:1). In transpar
ency viewing the surround conditions and the illuminating
source affect the color and tone perception of the observer.
Johnson described the efforts of Ahrenkilde, Archer, and Yule
(1971) to develop a transparency viewer which provided white
surround with constant frontal and variable rear illumination.
The rear illumination was altered until the transparency had
the appearance of a print. Johnson observed that a difficulty
arises when customers want direct comparison between transpar
ency and print (requiring two different viewing conditions
simultaneously). Johnson reported as follows:
The conditions for comparison are difficult to resolve,
however, and it may be necessary to view the transparency
in two modes, once to assess tone reproduction and quite
separately to assess colour saturation. However, this
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cannot be really considered acceptable and in such situ
ations some mental assessment would probably be required
to compensate for the inevitable loss of colour satura
tion in the print. 121
Johnson summarized his discussion on viewing condi
tions for optimum tone reproduction in the following passage:
To summarize the discussion on optimum tone reproduction
requirements for transparency originals it is shown that
for many originals the standard light surround condition
used for viewing them leads to satisfactory reproduction
which shows a uniform visual compression of tones.
However, such reproductions are probably not optimum
reproductions of the original scene. In order to obtain
this it would be possible to modify the viewing condi
tions using controlled flare and if the transparency
was made such that no wanted detail fell on the toe or
shoulder of the material then this would be satisfactory.
However, in many circumstances such a condition cannot
be achieved and then the only way to view the transpar
ency in order to better approximate the appearance of
the original scene is to view it with a dim or dark sur
round. Since the transparency material includes a toe
and shoulder in its characteristic curve it has been
suggested by Sunderland (1971) that this could also be
considered when deriving the optimum reproduction but
since the photographer will sometimes attempt to com
pensate for this by the way in which he sets his lighting
such a consideration may well over-compensate. Generally
considering the appearance of the transparency when view
ed in a dim or dark surround condition, and then basing
the tone reproduction requirement upon that will be sat
isfactory. 122
Five conclusions Anthony Johnson drew from his study
were the following:
1) Perceived effect, and therefore luminosity is of
great importance in tone reproduction. The equations
of Bartleson and Breneman give good results for
standard viewing conditions and enable the use of
objective density measurements to determine luminosi
ties.
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2) Studies have shown that a 1:1 reproduction of relative
luminosities is required both for reflection and
transparency reproductions except in the highlights
of reflection prints where a toe is necessary to
compress tones lighter than about .5.
3) Viewing conditions have a marked effect on luminosity
and are significant in assessing the tone reproduction
of transparencies. Transparencies which are satis
factory with light surround and viewing flare, limit
ing their contrast range to that of a print, require
uniform tone compression. However, transparencies
with significant shadow detail or specular highlights
will not be satisfactory in the above described
lighting conditions and will require non-uniform
tone compression.
4) A hypothesis for optimum tone reproduction of trans
parencies containing pronounced shadow detail is pro
posed. The concept of a "reference
black" is intro
duced with uniform tone compression between it and
a "reference white".
5) For transparencies with specular highlights Johnson
proposes optimum tone reproduction being uniform tone
compression above the density of about .5. Below
this density a "toe" should be incorporated in the
reproduction the length and contrast of which would
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depend on the range of specular highlights in the
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original. ^
Johnson makes the following two recommendations from
his study:
Since all available evidence strongly suggests that optimum tone gradation can generally be defined by fairly
simple perceptual relationships, which can be related
to objective density measurements, it is possible to
predict the required tone reproduction for any original
without recourse to subjective judgements. Such a pro
cedure is essential in setting up a systematic approach
to colour reproduction...
When assessing transparencies for reproduction the limi
tations of the standard viewing conditions should be
recognized. However, to ensure proper communication a
standard is essential, and all companies involved in
such assessments should critically assess their viewing
conditions in relation to the existing standards as a
first priority. The aim must be to encourage print
buyers to supply original copy, wherever possible, which
appears correct under these conditions and this can only
be achieved by communicating with them using standard
conditions. The visual effects of variable flare and/or
different luminance levels caused by extraneous light
is particularly significant in this context. 124
Empirical Approach to Color Reproduction
Warren L. Rhodes, of Xerox Electro-Optical Systems,
presented a paper at the Inter-Society Color Council Williams
burg Conference in February 1978, entitled "Proposal for an
Empirical Approach to Color Reproduction". The objectives
were,
...review of conventional approaches to color transfor
mations between originals and reproductions, and it [the
study] explores new methods and transformations made
possible by point-by-point scanning. 125
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Conventionally analog methods have been relied on to perform
tone reproduction transformations. Rhodes reports that digi
tal processing is now feasible to perform these transformations,
In reviewing conventional systems Rhodes noted that
printers have traditionally used photographic masks based on
first-order correction equations; in many cases only two such
masks are used. The laws of additivity and proportionality
are optical principles on which the theoretical justification
for linear masking depends. The additivity law states that,
"When light passes through two or more layers of colored
material, the optical density of the sandwich at any wave
length of light is the sum of the optical densities of the
"1 o&
individual layers." The proportionality law is that "At
all concentrations or thicknesses of a colored material, the
ratios of optical densities at any two wavelengths is a con-
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stant." Rhodes explains that these laws are good approx
imations for color film, but not for color photographic prints,
and they are even worse for halftone images on paper. In tra
ditional color correction techniques further error is intro
duced due to non-alignment of the spectral characteristics of
the light source - filter - film combination. To improve
this situation, Neugebauer proposed a series of equations
for an alternate optical model, which led to modifications
of the photographic masking parameters. However, using
Neugebauer' s equations does not produce colorimetric matches
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of the original, which Rhodes attributes to incorrect assump
tions that individual areas covered by an ink are uniform in
color and that the color of an area is independent of the
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color of surrounding areas.
In the following passage Rhodes describes the develop
ment of two empirical approaches to color reproduction:
Since it is impractical to develop color reproduction
systems based on strictly physical principles, workers
have devised empirical techniques which use physical
models as a starting point. For example, it is possible
using the masking equations with six coefficients, to
determine the exposures and gammas of negatives and
masks needed to match four colors exactly. The addition
al information needed is: photographic response curves
(optical density versus log exposure) of negative and
masking material, spectral reflectance curves of original
colors, spectral distribution of illuminant, spectral
transmittance of filters, and spectral sensitivities of
negative and masking film. The set of four colors select
ed for exact reproduction may not be the best choice, and
the exact reproduction of the selected set could lead to
unacceptably poor reproduction of colors not in the set.
A similar method was used to calculate the approximate
reproduction of a larger color set. The method uses a
least-squares fit, minimizing equivalent neutral density
error. A better choice would be to minimize the error in
some colorimetric space such as CIE or Munsell. A similar
approach could be used to obtain a fit of the Neugebauer
equations to empirical results. The dot size for cyan,
magenta, and yellow could be calculated given the tri
stimulus values of the eight individual areas and of the
integrated print area. Since the dot sizes of the nega
tives can be measured, one could then find what negative
dot sizes are needed to match tristimulus values of colors
in the original. 7
The above methods depend on analog processes and are
progressively more removed from reliance on a physical model.
Rhodes reports that the next step in color correction evolu
tion was to abandon any attempt to fit equations to a physical
model. Rhodes describes two such systems as follows:
In one approach a set of 150 colors was used to deter
mine the characteristics of nine masks to be used with
the three separation negatives to produce a colorimetric
match between the original colors and their reproduction.
Three of the nine masks are essentially for tone repro
duction correction. All nine masks show some curvature,
which would make photographic masking cumbersome. The
curves could be electronically generated in an analog
color scanner. If the spectral sensitivities were not
color mixture functions, analog circuits would have to
be made for every kind of original, such as Ektacolor
paper, Fujicolor paper, or artwork.
Another approach used 27 coefficients and second-order
equations to predict halftone color reproduction. The
coefficients were used in a least-squares fit to empiri
cal data. Many more coefficients would be available
if third-order equations were used, but the fit may not
have been that much better to justify the added complex
ity. While these results were much more accurate than
either of the physical model approaches, I do not know
of any scanner which incorporated them. If a scanner
were equipped with spectral characteristics which were
linear combinations of color mixture functions, and if
the 27 coefficients were determined for the paper, ink,
and printing conditions to be used, then the scanner
could produce least-squares colorimetric matches for
any set of input colors. Any change in the printing
materials or conditions would require a different set
of coefficients. 130
As Rhodes indicated in this passage, the empirical ap
proaches to color correction render superior predictions for
color matching. The limitation, that none of the variables
in the reproduction chain may change, is severe. These vari
ables fluctuate in most cases; for instance, paper and ink
often vary from batch to batch. Furthermore, providing exact
colorimetric matches is not the first priority of color repro
duction.
Rhodes then describes another empirical process called
"table look-up" which, unlike the preceding example, can
utilize digital processing. Rhodes describes the table look
up system in the following passage:
A third empirical approach, table lookup, is removed
even further from the physical principle approach. An
experimental device was built to exploit this method.
A large sample of the color space encompassed by the
ink - paper - press combination is produced. The tris
timulus values of this set are stored in computer memory
along with the dot sizes used in producing the sample
set. The scanner, which has spectral characteristics
which are a linear combination of color mixture func
tions, reads each spot on the original and computes the
tristimulus values. It then goes into the table stored
in the computer and by linear interpolation finds the
dot sizes required in the halftones to match the original,
These dot sizes are produced in the halftone separations.
If users preferred, the scanner could have been modified
to produce continuous-tone separations for subsequent
screening. The computer used at the time was too slow
to perform the 10 calculations/in.2 (2.5 x 10 5 pixels/
in. 2, 500 lines/in.) employed in modern scanners. With
present computers, such speeds may be practical.
1^1
The table look-up is promising in that digital comput
erization has distinct advantages in speed, accuracy, and
repeatability over analog processes. The empirical evidence
on which table look-up depends is gained by printing the inks
in question and photographing them to make color separations.
The characteristics of the separations are then analyzed.
Rhodes warns that this procedure is based on the assumption
that the reproduction should match the original for all colors,
This assumption, according to Rhodes, is only valid if color
correction is accurate, if the printer can match all colors
of the original, if the print will be viewed in the same
conditions as the original, if the reproduction will be the
100
same size, and if the buyer is subjectively pleased with
the original. J
Rhodes reports that Pearson, Pobbarovsky, and Yule,
in studying the transformations between transparencies and
reproductions, reached some interesting conclusions, which
are paraphrased as follows:
[Pearson, Pobbarovsky, and Yule] found that when prints
are made from transparencies, the optimum tone repro
duction depends on the subject matter of the photograph.
Photographs which include self-luminous objects require
more "toe" to the curve. Photographs in which the scene
illumination was nonuniform require a tone reproduction
curve which is "bowed downwards" . Some unevenly illumin
ated photographic sujects require "area masking". . .133
Furthermore, Pearson, et al. found that large hue
errors are commonly found in national advertising except in
the depiction of the product. It was concluded that match
ing the saturations of originals was less important than
maintaining a constant saturation ratio.
^
The work of Rhodes serves to summarize recent efforts
to reduce the guesswork in four color reproduction by de
fining specifications which can be fed into a computer to
perform color reproduction calculations. The advent of di
gitized processing methods for color reproduction requirements
represents a step toward greater speeds and higher effective
ness for in-line applications.
101
Footnotes for Chapter II
"TVLiles Southworth, "Good Color, Bad Color? The Fine
Line," Australian Printer 27 (November 1976): 4.
2
Dupont Training Manual, "Photographic Color Correction
(Dry Dot Etching)," presented at Dupont course on Dry Dot Etch
ing (1, 2 December 1980): 1, 2.
3Ibid. , 6.
John F. Holtz, Basic Contacting Techniques (Rochester,
NY: Eastman Kodak Company, 1979), 40-47.
5John F. Holtz, Eastman Kodak Company, Rochester, NY,
interview, 4 March I98I.
A. E. Bardouleau, "A Study on the Techno-Economic
Implications of Improved Colour Printing Characteristic Speci
fications," IARIGAI Conference (1975): 1-0.
7Ibid., 2.0.
gIbid.
9Ibid.
Richard E. Maurer, "The Reproduction of Over- and
Underexposed Transparencies," TAGA Proceedings (1972): 59.
ilTV,
Ibid.
12Ibid.
Uni Gronemann and Dennis Kaliser, "Electronic Color
Imaging: A Systems Approach to Integrated Pre-Press
Operations,"
TAGA Proceedings (1980): 202-207.
14Ibid.
15Richard E. Maurer, "Basic Considerations in Repro
ducing Transparencies and Reflection Originals by Direct
Screening," TAGA Proceedings (1971): 420.
l6Ibid., 422.
17Ibid., 437.
102
'ibid.
Ibid., 431.
19,
20
S. H. Goldsmith, "How to Improve Contact Printing,"
Graphic Arts Monthly 50 (February 1978): 55.
21
Clive Goodacre, "Carry-on Scanning," Printing Today
(November 1979): 34-35, 40, 43.
22
Nelson R. Eldred, "The Future of Color Printing,"
Graphic Arts Monthly 51 (November 1979): 119.
23
Goodacre, "Scanning," p. 81.
2^"Films," British Printer, February 1979, pp. 27-28.
25Ibid., 27.
26Ibid., 29.
27
"The Art and Science of Processing," British Printer,
February 1979, p. 33.
28
Victor Tkaczenko, "Where Rapid Access Process Suits
Film Handling Needs," Printing Impressions 22 (November 1979):
8h.
29
Jack R. Nussbaum and Edward C. Wozny, "The Promising
Future of Rapid Access Processing," Graphic Arts Monthly 48
(May 1976): 56, 58.
3Tkaczenko, "Rapid Access," p. 8h; J. H. Van Nood,
"Rapid Access is No Panacea, but It Does Offer Advantages,"
American Printer and Lithographer I83 (April 1979): 56.
3 Nussbaum and Wiley, "Future of Rapid Access," p. 58.
32Ibid.
33Ibid. , 56.
34Ibid., 55.
35Akerberg, Jean-Olaf, Hartwell, Peter, and Saarelma,
Hannu, "Studies on Image Spread in Halftone
Photography,"
Graphic Arts in Finland 7 (JanuarT 1978): 4, 5.
36Ibid., 5.
103
37Ibid.
3gIbid., 9, 10.
39Ibid., 10-11.
4QIbid., 11.
41Ibid., 11.
42Ibid.
IT
^Fred Billmeyer, "Colorimetry, Spectrophotography
and Color Photography," Photomethods, November 1976, p. 60.
Ttichard E. Maurer, "Color Measurements for the
Graphic Arts," TAGA (1979): 209.
45-
Ibid., 210.
47
Billmeyer, "Colormetry, " p. 61.
Peter G. Engeldrum, "Theoretical Analysis of Color
Errors Associated with Dot Area Metrology," TAGA Proceedings
(1972): 99.
4aibid., 98.
49Ibid., 109.
50Ibid., 128.
CI
J Irving Pobboravsky and Milt Pearson, "Computation
of Dot Areas Required to Match a Colorimetrically Specified
Color Using the Modified Neugebauer
Equations," TAGA Proceed
ings (1972): 5.
52Joseph E. Kling, "Color...As Seen and Printed,"
TAGA Proceedings (1980).
53-
Ibid., 1.
54Ibid., 5.
55Ibid.
56Ibid., 9.
57Ibid., 10.
104
5aibid., 11.
59Ibid., 13.
ftd
R. W. G. Hunt, "The Specification of Colour Appear
ance: Concepts and Terms," Color Research and Application 2
(Summer 1977): 55.
6lIbid.
62Ibid.
63Ibid.
64Ibid., 61.
65Ibid., 56.
66Ibid., 57-59.
67Ibid.f 57.
68x, . ,
Ibid. , 62.
69R. W. G. Hunt
Application 1 (Spring 1
70Ibid., 12.
71Ibid.
72Ibid.
73Ibid.
74Ibid., 14.
75Ibid., 15.
76Ibid., 11.
77Ibid.
7^Billmeyer, "Colorimetry," p. 79.
79J . W. Birkenshaw, "A Study of the Tone Reproduction
Capabilities of Colour Reproduction
Systems," PIRA Report #153
(1977): 1.
*Ibid.
105
81
Ibid.
82
S3
84
Ibid.
Ibid.
Ibid.
35
86
o7
Ibid.
Ibid.
Ibid.
Ibid.
89
90
91
92
Ibid.
Ibid.
Ibid.
3, 5.
6.
7.
8.
9.
10.
12.
13.
14.
16-23.
24.
Ibid.
93,Kurt Schlapfer, "How to Obtain Coloured Originals
with a Reproducible Tone Scale in Printing," IARIGAI Proceed
ings (1975): 13-1.
94
95
96
97
98
Ibid.
Ibid.
Ibid., 13-2.
Ibid., 13-7.
Ibid.
99Ibid.
F. R. Clapper, E. J. Breneman, and S. A. Brownstein,
"The Dependence of Colour Correction Requirements on the
Original," IARIGAI Conference (1975): 34-1.
101
102
103
104
Ibid., 34-5.
Ibid., 34-1.
Ibid., 34-3.
Ibid., 34-5.
106
5Sven Ahrenkilde, H. Brent Archer, John A. C. Yule,
"Evaluation of the Lightness and Color Balance of Color
Transparencies," TAGA Proceedings (1971): 173.
Anthony Johnson, "Tone Reproduction Objectives
for the Graphic Arts," Penrose Annual 70 (1977-78): 151.
WlMcL
108Ibid., 152.
109lbid.
Anthony J. Johnson, A Study of Preferred Tone
Reproduction Characteristics for Colour Reproduction,
Leatherhead, England: PIRA Report PR2CR, 1977: 14.
111Ibid., 17.
112
Johnson, "Objectives," p. 151.
^Johnson,
"Characteristics," p. 2.
114T^ AIbid.
115Ibid., 3.
116Ibid., 5.
117Ibid.
118Ibid., 5-6.
119Ibid., 6, 7.
120Ibid., 1, 9, 1
121Ibid., 28.
122Ibid., 27.
123Ibid., ii-iii.
124Ibid., iii.
25Warren L. Rhodes, "Proposal for an Empirical
Approach to Colour
Reproduction," Color Research and
Application 3 (Winter 1978): 197.
126nIbid.
127Ibid.
107
128TU-J ., AIbid., 198.
Ibid.
130
Ibid., 198-199.
131J Ibid,, 199.
l32Ibid,
l33Ibid.
134
Ibid., 200.
108
CHAPTER III
EXPERIMENTAL PROCEDURE AND ANALYSIS OF DATA
The Experiment
The experiment involved the comparison of dot-
size changes on films treated by various levels of dry
etching techniques. Three different scanner generated
halftone gray scales were obtained for this study. The
first was generated from a test program by the researcher
on a Hell DC-300B scanner at the RIT School of Printing.
The dots were formed by an Argon laser through six indiv
idually modulated optical fibers. Two scans are required
for each dot. The dots are "hard" with no appreciable
fringe area. The second halftone scale was generated on
a PDI scanner and donated to this research by Case-Hoyt
Company. The dots are laser formed without fiber optics.
They are "semi-hard" with a small amount of fringe area.
The third halftone scale was generated on a Crosfield 510
Magnascan and donated to this research by Rochester Poly
chrome Company. The dots in this case were formed by a
glow lamp through a traditional contact screen. These
dots are "soft" having a large amount of fringe. All
three scales were made at a 150-line screen ruling.
25 49 75 95
23 49 75 93
22 49 73 95
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The halftone scales were read with a Macbeth Dot
Area Meter and target values were identified which approx
imated 5$, 25$, 50$, 75$, and 95$. The actual original
target dot-sizes are listed in Figure 4.
Figure 4
Original Target Dot-Sizes
Hell 6
PDI 8
Crosfield 3
The target areas were circled with permanent ink, and the
halftone scales were assembled together on goldenrod masking
sheets.
The prepared test object was then subjected to three
techniques of contact printing used in dry etching. The
films were contacted as follows: emulsion-to-emulsion; with
a 4-mil spacer separating the two emulsions; and emulsion of
the halftone against the base of the graphic arts film.
Initially, contact prints were made at one unit in
crements on both lith and rapid access films. These cali
bration exposures were repeated with each contact printing
method. The target dot-sizes on the resultant films vrere
read and entered into a Dot-for-Dot Exposure Table (Appendix
110
I, Table 11, pp. 200-211). The differences between target
and actual dot-sizes were calculated and entered into a
Dot-for-Dot Variability Table (Appendix I, Table 12, pp.
212-223). The variances from target values for each of the
test films were summed across the five target values. The
exposure times which resulted in the best dot-for-dot fit
were identified for positive-to-intermediate negative copies.
Each of the three halftone originals and each contact print
ing technique was considered separately.
The best dot-for-dot intermediate negatives (emulsion-
to-emulsion exposure) were assembled together on goldenrod
masking sheets to form test objects for the intermediate
negativeto-duplicate positive phase of the experiment. Two
such test objects were produced, one for lith film and the
other for rapid access. Each intermediate negative contained
scales made from the Hell, PDI, and Crosfield originals.
Separate intermediate negatives were not made from the results
of through-thebase exposure or exposure with a 4-mil spacer
because, in practice, these techniques are used on only one
of the two generations.
The entire calibration procedure was then repeated
for the intermediate negative-to-duplicate positive phase of
the experiment. The best dot-for-dot exposures were identi
fied for each of the three halftone scales subjected to each
of the three contact printing methods on both lith and rapid
Ill
access films.
The test objects (both positive and negative) were
then subjected to a series of overexposures (treatment levels)
via each contact printing method considered. The treatment
levels were determined as factors of the best dot-for-dot
exposures. The levels were 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10,
15, 20, 30, 40, 60, 80, 100 times dot-for-dot exposure. The
positive-to-intermediate negative and the intermediate neg
ative-to-duplicate positive phases were treated separately,
as were Hell, PDI, and Crosfield test objects. The overex
posures were made on both lith and rapid access films.
After processing the target dot areas were read and
recorded (Appendix I, Table 13, pp. 224-247, Effects of Ex
posure Manipulation) . From this data the Net Dot-Size Change
Due to Overexposure (Appendix I, Table 14, pp. 248-271) was
determined for each contact printing technique/film combina
tion.
The next phase of the research was to establish lim
its for dot-size change for each dry etching technique. To
accomplish this microphotographs were made of the test films
at 80 times original size. The 5$, 50$, and 95$ target areas
of each halftone original were photographed at every level
of treatment before the advent of heavy veiling. This series
was repeated for the three contacting techniques under test;
for the intermediate negative and duplicate positive results;
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and for lith and rapid access films.
The microphotographs were made on 35mm continuous
tone film. These negatives (roughly 1200) were assembled
on 8-" x 11" goldenrod masking sheets, and contact prints
were made on single weight photographic paper. The result
ing prints were labeled (Appendix II, Figure 18, pp. 273-
313) and presented, together with the test films, to four
experts who identified the point at which each series of
treatments resulted in an unacceptable dot structure.
The participants were: Professor Joseph Truex and
Professor Steve Mott, both of whom teach in the Graphic
Communications Department at California Polytechnic State
University; Skip Walker of Graphic Reproduction Company in
San Francisco, California; and Mike Sanders of Blake Print-
ery Limited in San Luis Obispo, California. The microphoto
graphs acted as a guide to suggest to the evaluators which
films required closer examination. The evaluation of unac
ceptable do-o structure was, in every case, made visually
from the test films themselves. The results of the evalua
tions are presented in Table 1 (Film Evaluation Response
Table). These responses were then averaged to determine
the upper limit for each dry etching technique tested
(Table 2).
Table 1
FILM EVALUATION RESPONSE TABLE
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LIT? FILM
Negative Positive
95 50 5 c95 30 5
Overexposure
Hell 60,
40,
60
30
20, 30
20, 20
2,
2,
4
4
2,
2,
4
4
6,
15,
10
8
20, 15
20, 10
PDI 40,
60,
40
30
20, 20
20, 10
2,
3,
4
3
2,
3,
4
3
10,
15,
20
10
20, 15
20, 15
Crosfield 80,
40,
80
40
15, 20
20, 15
1.5,
1.5,
1.5
1.5
2,
2,
4
2
10,
15,
20
8
15, 30
20, 15
4-mil Spacer
Hell 30,
40,
60
30
10, 20
15, 10
2,
3,
4
2
2,
3,
4
2
10,
10,
15
8
30, 40
30, 20
PDI 40,
30,
40
30
10, 20
20, 15
2,
3,
4
2
2,
3,
3
1.5
10,
10,
10
8
20, 40
30, 20
Crosfield 60,
40,
40
40
10, 15
20, 10
1.5,
2,
2
1.5
2,
3,
4
3
15,
10,
15
10
20, 60
40, 40
Through Base
Hell 30,
40,
80
30
15, 20
15, 10
3,
6,
8
4
2,
2,
4
3
15,
15,
8
10
20, 40
30, 30
PDI 40,
80,
80
40
20, 20
10, 15
4,
4,
6
3
3,
3,
4
3 1; 1010 15, 4030, 20
Crosfield 30,
80,
80
40
20, 15
15, 15
1.5,
4,
2
2
3,
3,
4
2
20,
15,
15
15
30, 40
30, 20
Table 1 (continued)
FILM EVALUATION RESPONSE TABLE
RAPID ACCESS FILM
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95
Negative
50
Positive
95 50
Overexposure
Hell
PDI
Crosfield
4-mil Spacer
Hell
PDI
Crosfield
Through Base
Hell
PDI
Crosfield
20, 60
80, 20
10,
10,
10
6
4, 3
2, 3
4, 1.5
2, 1.5 1: 46 30, 2020, 15
60, 60
80, 20 10,
8
6
4, 2
2, 2
3, 2
1.5, 1.5 i: 66 40, 1520, 15
80, 60
80, 30
40, 20
30, 15
6,
6,
8
6
4
4
1.5, 1
1.5,1.25
2, 1.5
1.5,1.25
2, 1.5
1.5, 2
2, 1.5
1.5,1.5 I:
3
4
4
3
10, 6
8, 6
30, 15
20, 10
40, 20
30, 15
6,
6,
4
3
2, 1.5
1.5,1.5
2, 1.5
1.5,1*25 t; 64 20, 1520, 10
40, 20
30, 10
40, 30
40, 20
8,
8,
4
3
6
4
1.5, 1
125,1.25
2, 2
2, 1.5
2, 1.25
1.5,1.25
2, 1.5
1.5, 1.5
6,
6,
3
3
3
3
15, 10
15, '8
20, 15
15, 10
40, 30
40, 20
8,
8,
6
4
2, 2
1.5,1.5
2, 1.5
2, 1.25 i: 44 20, 1515, 8
40, 30
40, 30
8,
8,
6
6
1.5, 1
1.25,125
2, 1.25
1.5,1.5
4,
4,
4
3
15, 10
10, 8
Table 2
UPPER LIMIT FOR DRY ETCHING
LITH FILM
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Overexposure
Hell
PDI
Crosfield
4-mil Spacer
Hell
PDI
Crosfield
Through Base
Hell
PDI
Crosfield
Negative
95 50 5 95
40 20 3 3
40 15 3 3
60 15 1.5 2
40 15 3 2
30 15 3 2
40 15 1.5 3
40 15 4 3
60 15 4 3
40 15 2 3
Positive
50 5
15
10
10
10
10
10
10
15
15
15
20
30
30
40
30
20
30
RAPID ACCESS
Overexposure
Hell
PDI
Crosfield
4-mil Spacer
Hell
PDI
Crosfield
Through Base
Hell
PDI
Crosfield
Negative
5_0_ 95
Positive
50 r
40 8 3 2 6 20
60 8 3 2 8 20
60 8 1.5 1.5 4 8
20 4 1.5 1.5 4 15
20 4 1.5 1.5 6 15
20 4 1.5 1.5 4 10
30 6 2 1.5 4 15
30 6 1.5 1.5 6 15
30 6 1.5 1.5 4 10
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Equipment and Materials
The experiment was performed at Graphic Reproduction
Company in San Francisco, CA from December 15-24, 1981. The
contact printing frame, processors, and dot-area meter used
were the normal production equipment of the firm. All ex
posures were made on the same contact frame with an inte
grated point-light source. Automatic film processors were
used (one for lith, one for rapid access), and care was taken
that processing temperatures and film transport speeds re
mained constant. The processors, chemistry, and film were
all compatible Dupont products, and the developer activity
was carefully monitored.
The microphotographs were made at California Poly
technic State University from January 15-30, 1982. The
microscope and contact printing equipment used was the prop
erty of the Graphic Communications Department.
A detailed listing of the specific equipment and
materials used in this experiment is presented in Figure 15.
Figure 15
Equipment and Materials
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Item Manufacturer and Model
o=h=
=tfc
o
cts m
H H
U 2CD g
Contact Frame
Integrator
Light Source
DotArea Meter
Rapid Access Processor
Lith Processor
Rapid Access Chemistry
Lith Chemistry
Lith Film
Rapid Access Film
Microscope
35mm Camera
Film (Microphotographs)
Film Developer
Photo Paper
Paper Developer
Berkey Ascor 24"x28" 1807-01
Berkey (built-in)
Berkey Ascor point-source
Macbeth TR 927 1045
Dupont Cronaflex II
Dupont Cronalar 24 3231
Dupont Cronaflex PDC
Dupont Cronaflex PFC
Dupont Cronalar CDC
Dupont Rapid Fixer
Dupont COD-4 1015-356
Dupont RAF 0090-9
Unitron RM2 1312
Asahi Pentax I65I406
Kodak Tri-X Pan 43783-E
Kodak HC-110 (dilution B)
Kodak Polycontrast 140-1470
Kodak Dektol (2:1)
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Net Dot-Size Growth
The data generated from this experiment was used
to construct a series of 30 graphs (Figure 16, pp. 119-
133) which depict the net dot-size growth for all halftone
original/contact printing technique/graphic arts film com
binations. Each graph shows the dot-size growth for the
three halftone originals for treatment levels from lx
through lOx of a single contact printing technique. Each
page contains two graphs; the results for lith film ar;'
at the top of the page, and the corresponding results for
rapid access are below. All graphs are showing the half
tone original-bo-intermediate negative dot-size changes.
The graphs offer a visual means for the following: com
paring the reactions cf the three types of original
half
tones to various treatment techniques; comparing the dot
growth
pattern,- of lith and rapid access films; and com
paring the dot growth
characteristics of the three treat
ment techniques.
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Figure 16
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Through Base 95$ Original Dot-Size
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Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Through Base 75$ Original Dot-Size
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Overexposure 50$ Original Dot-Size
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Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Overexposure 25$ Original Dot-Size
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Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Through Base 25$ Original Dot-Size
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Overexposure 5$ Original Dot Size
Lith
20T
o 15
o
CD
td
H
co
I
p
o
ft
p
CD
3
10"
1.25 1.5 2 3 4 6 8
Exposure Manipulation Factors
10
Rapid Access
20
ft
o
u 15
CD
td
H
CO
I
P
O
ft
p
CD
3
io-
5-
1
i i
i"
1 1 1 1 1-
1.25 1.5 2 3 4 6 8 10
Exposure Manipulation Factors
Hell Original
PDI Original
Crosfield Original
132
Figure 16 (continued)
NET DOT-SIZE GROWTH
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Figure 16 (continued)
NET DOT-SIZE GROWTH
Through Base 5$ Original Dot-Size
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The following observations were made from the Net
Dot-Size Growth Graphs:
1. No clear difference was distinguished between the
dot growth patterns of the three different half
tone originals. There is an apparent difference
for the 5$ original dot-size, but this can be at
tributed to the actual differences between the
three original dot-sizes which approximated 5$ (6$
for Hell original, 8$ for PDI original, and 3$ for
Crosfield original).
2. The rapid access film responded more quickly to ex
posure manipulation than lith film. This differ
ence was most exaggerated at the 50$ original dot-
size, and it held true for all contact printing
techniques.
3. The use of a 4-mil spacer caused quicker response
in dot growth than the other contact printing tech
niques. Exposure through-the-base was second, and
overexposure caused the slowest growth in dot-size.
4. Dot-for-dot copying was less successful for the
technique of shooting through-the-base than for the
other two contact printing techniques.
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Maximum Dot-Size Changes
The preceding graphs of net dot-size growth are not
restricted to commercially acceptable dot structures. There
fore, these, graphs do not suggest the limits of acceptable
dot-size change for any of the film combinations used. These
limits are shown in Figure 17 (pp. I36-I47), which depicts
the maximum acceptable dot-size change for each film combi
nation. There are 12 graphs in this series. Each graph
shows the maximum dot growth for a single halftone original/
tonal orientation/graphic arts film combination. There are
three curves per graph representing the three contact print
ing methods. The graphs were constructed by plotting the
results from Table 2 (Upper Limit for Dry Etching, p. 115),
and drawing the best fitting curves. These graphs provide
a visual comparison of the maximum dot growth caused by each
method of dry etching treatment.
136
Figure 17
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
Hell Original Lith Positive
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
Hell Original Rapid Access Negative
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
Hell Original Rapid Access Positive
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
PDI Original Lith Negative
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
PDI Original -- Lith Positive
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
Crosfield Original Lith Negative
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
Crosfield Original Lith Positive
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Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
Crosfield Original Rapid Access Negative
100
20 40 60 80
Dot-Size Before Treatment
100
overexposure
4-mil spacer
through base
147
Figure 17 (continued)
MAXIMUM ACCEPTABLE DOT-SIZE CHANGE
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Information from the preceding graphs was used to
construct the Maximum Net Dot-Size Growth Table (Table 3).
The following observations were made from examination of
this Table and the Maximum Dot-Size Change Graphs:
1. The positive-to-intermediate negative phase exhib
ited more capacity for dot-size change than the
intermediate negative-to-duplicate positive phase.
2. Lith film, in most cases, exhibited greater capac
ity for dot-size manipulation than rapid access
film.
3. The maximum acceptable dot growth was not uniform
throughout the scale. A non-symmetrical relation
ship was characteristic. When the dot-sizes were
increased going from the original positive to the
intermediate negative (as would be done to decrease
color in dry etching) the shadow areas exhibit a
greater capacity for change than the highlights.
However, when the dot-sizes are increased in the
second phase of contacting, intermediate negative-
to-positive phase (when increased color is desired
in dry etching) the highlights show greater capacity
for dot-growth than the shadows.
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Table 3
Maximum Net Dot-Size Growth
Criginal Dot-S Lze
5 25 50 75 95
N. P. N. P. N. P. N. P. N. P.
s
H
ft
ft
ft
P
H
ft
Hell 4 10 17 25 37 23 40 15 11 3
PDI 5 10 18 27 35 36 32 18 17 4
Cros. 1 9 15 23 35 25 32 13 17 1
u
CD
O
cO
ft
CO
Hell 3 29 18 40 38 33 48 18 25 1
PDI 4 33 18 42 40 36 45 17 28 3
Cros. -1 25 17 36 39 33 45 19 24 2
X3
CD
CD
CQ
cO
X2
Hell 3 24 16 31 31 26 40 15 25 2
CO
ft PDI 4 27 14 32 32 30 38 16 37 2
2
H
H
Cros. 0 17 14 35 31 31 39 15 22 2
ft
P
a
CD
CQ
CO
CD
O
O
-o
H
ft
CO
Hell 4 11 17 14 24 17 24 10 12 2
2
P
rO
PDI 5 13 16 26 27 26 35 11 22 3
CD
&H
Cros. 1 9 15 12 26 15 25 8 16 2
u
CD
o
cO
ft
CQ
Hell 2 14 13 16 20 16 27 11 14 1
PDI 4 12 14 24 35 26 25 12 14 3
Cros. 1 9 13 11 21 18 19 11 13 2
0
CO
cO
Xi
Hell 2 14 13 21 23 18 26 10 17 2
PDI 3 14 10 18 26 29 23 16 20 3
Cros. 0 10 9 14 24 18 20 10 11 2
N. - original halftone-to-intermediate negative
p. - intermediate negative-to-duplicate positive
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Acceptable Dot-Size Changes
The limits suggested by the Maximum Dot-Size Change
graphs (Figure 17) were placed on the data from the Effects
of Exposure Manipulation Tables (Appendix I, pp. 224-247) to
form Acceptable Dot-Size Change Tables (pp. I5I-I59). These
tables were constructed for all treatment combinations. Each
table has exposure manipulation factors as the heads of rows
and original dot-sizes as the heads of columns. The cells of
the tables contain the dot-sizes resulting from the treatment
levels being applied to specific original dot-values. All
of the entries in the tables represent dot structures which
were judged to be commercially acceptable. The tables can
be used to predict the exposure manipulation necessary to
achieve a desired dot-size change (within the same printing
system). Acceptable dot-size change tables could be construc
ted for the specific equipment and materials in a given shop.
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Table 4
ACCEPTABLE DOT-SIZE CHANGE
Hell Original Overexposure
Lith Negat ive Lith Posit ive
E* 6 25 49 75 95 6 25 49 75 95
1 94 76 53 27 5 6 26 49 74 94
1.25 95 79 57 29 5 8 28 53 77 95
1.5 95 79 5^ 31 6 8 28 54 78 95
2 96 82 60 32 7 9 29 55 79 96
3 98 &5 64 34 8 9 32 60 83 98
4 87 66 36 8 10 33 62 86
6 90 71 39 9 11 37 68 90
8 92 75 42 10 12 39 72
10 78 44 10 13 41
15 S5 52 12 16 50
20 88 56 12
30 67 14
40 16
Rapid A.ccess Negat ive Rapid A-ccess Positive
E* 6
95
25
78
49
55
75
28
95
6
6
6
25
24
49
48
75 95
1 75 95
1.25 95 79 56 29 6 6 25 49 76 95
1.5 96 80 57 30 6 6 26 50 77 96
2 96 81 58 31 6 7 27 52 78 97
3 98 84 62 33 8 8 29 56 82
4 86 65 35 8 9 31 60 &5
6 92 70 38 10 10 34 66
8 75 41 10 11 37
10 43 11 13 39
15 49 12 15
20 13 17
30 16
40 17
^Exposure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
Hell Original 4-mil Spacer
Lith Negat ive Lith Positive
E* 6
92
25
74
49
50
75
23
95
4
6
5
25
23
49
46
75
72
95
1 93
1.25 94 77 55 28 5 7 26 51 76 95
1.5 94 78 57 29 6 7 28 52 77 95
2 96 81 60 32 7 8 31 57 81 96
3 97 85 65 36 9 11 34 63 84
4 89 71 42 10 13 40 68 m
6 91 76 47 11 14 45 74 91
8 93 81 54 14 17 51 80 93
10 83 57 14 18 55 82
15 89 66 17 23 65
20 72 20 26
30 26 35
40 30
E*
Rapid Access Negative
6 25 49 75 95
1 94 77 53 26 5
1.25 95 78 56 28 5
1.5 96 80 58 29 6
2 82 60 31 6
3 m 67 35 8
4 71 38 9
6 43 11
8 52 12
10
15
20
13
16
19
Rapid Access Positive
6 25 49 75 95
6 23 47 75 93
7 24 50 77 95
8 25 52 78 96
8 26 54 79
10 29 61 86
11 31 65
13 35
15 41
16
20
^Exposure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
Hell Original Through Base
Lith Negative
E* 6 25 49 75 95
1 90 72 49 24 5
1.25 92 75 53 26 5
1.5 94 78 55 28 6
2 95 80 58 30 6
3 96 82 63 35 9
4 97 85 65 37 10
6 $S 71 42 12
8 89 74 46 13
10 91 77 50 14
15 82 57 16
20 65 20
30 23
40 30
Lith Posit ive
6 25 49 75 95
6 24 47 71 90
6 25 48 74 93
8 27 52 76 94
9 29 54 79 96
11 33 60 82 97
12 36 64 85
14 41 70 SS
16 44 72 90
18 49 75
20 56
25
30
E*
Rapid Access Negative
6 25 49 75 95
1 94 76 53 26 5
1.25 95 79 57 29 7
1.5 96 79 57 29 7
2 96 81 60 31 8
3 85 63 35 10
4 &B 67 37 10
6 74 41 10
8 46 12
10 51 13
15
20
15
17
30 22
Rapid Access Positive
6 25 49 75 95
5 25 50 75 96
5 26 52 77 96
5 26 53 78 97
8 28 56 80
8 31 61 85
9 33 67
10 37
11 40
13 46
20
^Exposure Manipulation Factors
154
Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
PDI Original Overexposure
Lith Nega-tive Lith Posit ive
E* 8
92
23
77
49
53
75
26
93
7
8
8
23
25
49
51
75
76
93
1 93
1.25 93 80 56 27 7 9 26 54 78 94
1.5 94 81 58 29 8 10 27 55 79 95
2 95 83 60 29 9 11 28 57 81 95
3 97 86 65 32 10 11 31 61 84 97
4 S& 68 34 11 12 33 65 87
o 92 74 37 12 14 36 71 90
8 95 78 40 13 15 39 76 93
10 80 43 13 16 41 77
15 86 52 16 18 50 85
20 57 17
30 20
40 24
E*
Rapid Access Negative
23 49 75 93
Rapid Access Positive
8 23 49 75 93
I 93 79 54 25 7 8 23 48 76 93
1.25 94 80 55 27 8 8 23 50 77 94
1.5 94 81 57 27 8 8 25 51 78 95
2 95 83 59 29 8 9 25 54 80 96
3 97 85 63 31 10 10 28 57 83
4 88 67 33 11 11 30 61 86
6 93 72 37 12 13 33 67
8 78 39 13 15 37 75
10 42 14 16 40
15 48 16 18 49
20 60 18 21
30 22
40 23
60 29
^Exposure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
PDI Original 4-mil Spacer
Lith IMega tive Lith Posit ive
E* 8 23 49 75 93 8 23 49 75 93
1 91 76 49 23 5 8 23 47 73 91
1.25 93 78 55 27 8 8 25 53 78 93
1.5 94 79 56 28 9 9 26 54 79 94
2 95 82 61 32 10 11 31 59 83 96
3 96 86 67 36 12 13 34 66 86
4 90 73 41 14 16 38 71 90
6 92 78 45 16 18 44 77 92
8 95 83 53 19 22 51 82
10 ^5 56 20 23 56 &5
15 91 66 24 28 65
20 70 27 32
30 35 41
E*
Rapid Access Negative
8 23 49 75 93
Rapid Access Positive
8 23 49 75 93
1 93 78 53 25 6 6 21 47 76 93
1.25 95 81 57 27 8 7 22 50 78 95
1.5 96 83 60 28 8 8 23 52 80 96
2 85 62 29 9 8 25 54 81
3 91 70 35 12 10 28 61 87
4 74 37 13 11 30 65
6 86 43 15 13 34 75
8 50 16 15 42
10 18 16 47
15 21 20
*Expo sure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
PDI Original Through Base
E*
1
1.25
1.5
2
3
4
6
8
10
15
20
30
40
60
90
90
92
94
96
96
Lith Negative
23 49 75 93
71
74
77
80
83
6
91
48
51
54
58
63
67
73
76
78
83
23
24
26
29
34
35
41
45
48
57
63
6
7
8
10
13
13
16
17
19
21
25
28
35
44
Lith Positive
23 49 75 93
11
10
11
13
14
17
18
20
24
28
35
22
24
26
28
32
35
40
43
48
55
47
50
53
56
62
65
72
75
79
73
76
77
80
84
86
90
91
90
92
94
95
E*
Rapid Access Negative
8 23 49 75 93
Rapid Access Positive
23 49 75 93
1 92 78 53 25 6 8 23 49 76 94
1.25 95 81 57 28 9 8 24 52 79 95
1.5 95 81 57 28 9 9 25 53 80 96
2 84 61 30 10 10 27 56 82
3 87 66 34 12 13 29 61 86
4 70 36 13 14 31 67 91
6 77 40 14 15 36 78
8 44 16 16 41
10 48 17 17
15 19 22
20
30
22
27
^Exposure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
Crosf"ield (Drigin.al Overexposure
Lith Negat ive Lith Positive
E* 3
97
22
79
49
54
73
29
95
5
3
5
22
24
49
49
73
72
95
1 94
1.25 97 81 57 31 5 5 25 53 75 95
1.5 98 82 5^ 32 6 5 26 54 76 95
2 85 62 34 7 6 27 55 76 96
3 87 65 37 8 6 28 59 80
4 89 67 39 8 8 30 63 82
6 92 72 42 10 8 32 67 86
8 93 76 45 10 9 34 72
10 79 48 11 10 37 74
15 86 58 12 12 45
20 60 13 12
30 15
40 18
60 22
E*
1.25
1.5
2
3
4
6
8
10
15
20
30
40
60
Rapid Access Negative Rapid Access Positive
3
97
22
81
82
83
84
87
89
93
49
56
57
58
60
63
66
71
77
73 95
30
31
32
33
35
37
40
44
46
53
6
6
6
7
8
9
10
11
11
13
14
16
18
21
3
4
4
5
5
6
8
10
12
22
22
23
23
25
27
30
34
49 73
50
51
52
55
59
64
95
74
75
76
78
81
96
97
^Exposure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
Crosfield Original 4-mil Spacer
Lith ]NIegat ive Lith Positive
E* 3
94
22
76
49
50
73
26
95
4
3
3
22
21
49
46
73
70
95
1 93
1.25 96 80 56 30 5 5 24 50 73 94
1.5 96 81 57 31 6 5 24 51 74 95
2 84 60 34 7 6 28 56 78 96
3 87 66 37 9 7 31 61 81 97
4 90 71 42 10 9 35 68 85
6 92 76 48 11 10 39 72 89
8 95 82 56 13 12 45 79 92
10 86 59 14 13 48 82
15 90 69 16 16 58
20 72 20 19
30 25 23
40 29 28
E*
Rapid Access Negative
3 22 49 73 95
1 96 80 54 28 4
1.25 97 82 57 30 5
1.5 98 84 59 32 b
2 85 60 33 b
3 91 67 37 8
4 72 40 9
6 46 11
8 11
10 13
15
on
15
18
Rapid Access Positive
3 22 _ __ 73 95
3 20 48 73 95
3 22 51 75 97
3 23 52 77 97
4 24 54 77
6 27 61 84
7 28 67
8 33
10
12
^Exposure Manipulation Factors
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Table 4 (continued)
ACCEPTABLE DOT-SIZE CHANGE
Crosfield Original Through Base
I,ith ])Jegat ive Lith Positive
E* 3 22 49 73 95 3 22 49 73 95
1 90 73 50 27 4 4 22 46 69 90
1.25 93 77 52 23 5 4 23 48 71 92
1.5 95 79 5 5 29 5 5 24 50 74 94
2 97 32 59 33 7 6 26 54 76 96
3 85 63 37 3 8 29 53 79 97
4 87 66 38 9 9 31 61 81
6 90 72 44 11 11 36 63 36
8 92 74 47 12 10 39 71 &&
10 78 52 13 12 42 76
15 32 5^ 15 14 50 30
20 66 17 17 57
30 21 20
40 27
Rapid Access Negative
E*
1
1.25
1.5
2
3
4
10
15
20
3
96
97
97
22
79
82
82
84
87
49 73 95
54
5^
5%
60
64
68
75
28
31
32
33
37
39
42
47
7
7
8
9
10
10
12
13
14
16
Rapid Access Positive
3 22 49 73 95
5
5
5
9
10
11
13
23
23
25
27
29
31
36
50
52
53
56
61
67
74
76
76
79
83
97
^Exposure Manipulation Factors
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Analysis of Variance
The analysis of variance technique (ANOVA) was used
to test the significance of several factors on dot-size
growth. The ANOVA technique was chosen since several fac
tors and their interactions can be tested simultaneously.
The response variable was maximum dot-size growth. In all,
three ANOVAs were performed one for the 5$ original dot-
size, one for 50$ dots, and another for 95$ dots. These
correspond to the results which were evaluated for commer
cial accepability. The 50$ ANOVA analyzed the effect of
the following four factors: type of halftone original, type
of graphic arts film used, contact printing method, and tonal
orientation (intermediate negative or duplicate positive
phase). The 5$ and 95$ ANOVAs each tested three factors.
These ANOVAs did not compare the intermediate negative and
duplicate positive phases, since, in both cases, one phase
ended in 100$ dots, which could not be considered in the
same population with maximum dot-change from the other phase.
The 50$ ANOVA (the most complex) is presented here
in a step-by-step fashion.
The Treatment Table for the 50$ ANOVA is shown in
Table 5.
Table 5
Treatment Table for 50$ ANOVA
161
Factor III
through
H
CD
overexposure spacer base
Factor IV Factor IV Factor IV
neg. pos. neg. pos. neg. pos.
37 23 38 33 31 26
ft
P
H
M
H
in
o
3
H
n 35 36 40 36 32 30
ft p
o
cO
ft
ft
H
UJ
o
o
35 25 39 36 31 27
U
O
P
O
cO
ft H
01 24 17 20 14 23 14
CO
CO
0
o H
3
o H
H
n 27 26 35 26
26 29
-H
ft
cO
O
P
o
cO
ft
ft
CO
o
O
26 15 21 18 24 18
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The factors considered in this ANOVA were identified
in the following manner:
Factor I (films) = A, where i=l (lith), 2 (rapid access)
Factor II (originals) = B., where j=l (Hell), 2 (PDI),
3 (Crosfield)
Factor III (technique) = C-, , where k=l (overexposure),
2 (spacer), 3 (through base)
Factor IV (tonal orientation) = D-,, where 1=1 (negative),
2 (positive)
The mathematical model for this analysis was as
follows:
Xijki = fl+ A. + B. + Ck + Dl + (AB). + (AC).k +
(AD)^ + (BC)jk + (BD)j;L + (CD)kl + (ABC). jk
+ (ABD)J1 + (BCD) .kl + Rljkl
The various sets of hypotheses being tested were
whether or not each element in the mathematical model was
a significant source of variability. The sets of hypoth
eses would be expressed in the following form:
HQ : A. = 0
Hi : A ^ 0
To complete the ANOVA Table (Table 6, p. 179) sums
of squares were needed for each source of variability. This
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was accomplished with the aid of C-notation. The first
step was to calculate totals for all responses at each
level for every source of variability under test. These
totals were determined as follows:
T1 = 37 + 23 + 38 + 33 + 31 + 26 + 35 + 36 + 40 +
36 + 32 + 30 + 35 + 25 + 39 + 36 + 31 + 27 =
590
T2 = 24 + 17 + 20 + 14 + 23 + 14 + 27 + 26 + 3 5 +
26 + 26 + 29 + 26 + 15 + 21 + 18 + 24 + 18 =
403
T j_
= 37 + 23 + 38 + 33 + 31 + 26 + 24 + 17 + 20 +
14 + 23 + 14 = 300
T 2
= 35 + 36 + 40 + 36 + 32 + 30 + 27 + 26 + 35 +
26 + 26 + 29 = 378
T = 35 + 25 + 39 + 36 + 31 + 27 + 26 + 15 + 21 +
18 + 24 + 18 = 315
.1.
.2.
= 37 + 23 + 35 + 36 + 35 + 25 + 24 + 17 + 27 +
26 + 26 + 15 = 326
= 38 + 33 + 40 + 36 + 39 + 36 + 20 + 14 + 35 +
26 + 21 + 18 = 356
= 31 + 26 + 32 + 30 + 31 + 27 + 23 + 14 + 26 +
'3*
29 + 24 + 18 = 3H
= 37 + 35 + 35 + 24 + 27 + 26 +
38 + 40 + 39 +
#1
20 + 35 + 21 + 31 + 32 + 31 + 23 + 26 + 24
=
544
= 23 + 36 + 25 + 17 + 26 + 15 + 33 +
36 + 36 +
"2
u + 26 + 18 + 26 + 30 + 27 + 14 + 29
+ 18 =
449
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23..
1.1.
1.2.
1.3.
'2.1.
T
T
ril.. = 37 + 23 + 38 + 33 + 31 + 26 = m
ri2.. = 35 + 36 + 40 + 36 + 32 + 30 = 209
:13.. = 35 + 25 + 39 + 36 + 31 + 27 = 193
21..
= 24 + 17 + 20 + 14 + 23 + 14 = 112
22..
- 27 + 26 + 35 + 26 + 26 + 29 = 169
-- 26 + 15 + 21 + 18 + 24 + 18 = 122
- 37 + 23 + 35 + 36 + 35 + 25 = 191
: 38 + 33 + 40 + 36 + 39 + 36 = 222
: 31 + 26 + 32 + 30 + 31 + 27 = 177
24 + 17 + 27 + 26 + 26 + 15 = 135
20 + 14 + 35 + 26 + 21 + 18 = 134
23 + 14 + 26 + 29 + 24 + 18 = I34
37 + 35 + 35 + 38 + 40 + 39 + 31 + 32 + 31
23 + 36 + 25 + 33 + 36 + 36 + 26 + 30 + 27
24 + 27 + 26 + 20 + 35 + 21 + 23 + 26 + 24
17 + 26 + 15 + 14 + 26 + 18 + 14 + 29 + 18
= 37 + 23 + 24 + 17 = 101
= 38 + 33 + 20 + 14 = 105
= 31 + 26 + 23 + 14 = 94
= 35 + 36 + 27 + 26 = 124
2.2,
2.3.
1..1
1..2
'2..1
-'?#;',
11.
.12.
13.
= 318
= 272
= 226
= 177
,21.
165
*c, *c
40 + 36 + 35 + 26 = 137
'.23. = 32 + 30 + 26 + 29 = 117
31. 35 + 25 + 26 + 15 = 101
C.32. = 39 + 36 + 21 + 18 = 114
:.33. = 31 + 27 + 24 + 18 = 100
?.1.1 = 37 + 38+31 + 24+20 + 23
'.1.2 = 23 + 33 + 26 + 17+14+14
'.2.1 = 35 + 40 + 32 + 27 + 35 + 26
.2.2 =36+36+30+26+26+29
.3.1
.3.2
..11
35 + 39 + 31 + 26 + 21 + 24
25 + 36 + 27 + 15 + 18 + 18
..12
T
.21
37 + 35 + 35 + 24 + 27 + 26
23 + 36 + 25 + 17 + 26 + 15
38 + 40 + 39 + 20 + 35 + 21
= ill
= 127
= 195
= Ml
= iz
= 139
= 184
..22
..31
..32
142
193
33 + 36 + 36 + 14 + 26 + 18 : I63
167
111.
112,
113.
31 + 32 + 31 + 23 + 26 + 24
: 26 + 30 + 27 + 14 + 29 + 18
= 37 + 23 = 60
144
=38+33-71
= 31 + 26 = 57
166
121.
= 35 + 36 = 71
122.
= 40 + 36 = 76
123
131,
132.
133.
211.
212.
T
213.
'221.
222.
223.
'131.
232.
233.
11.1
'11.2
'12.1
'12.2
13.1
13.2
= 32 + 30 = 62
= 35 + 25 = 60
= 39 + 36 = 75
= 31 + 27 = 53
= 24 + 17 = 41
= 20 + 14 = 34
= 23 + 14 = 37
= 27 + 26 = 53
= 35 + 26 = 61
= 26 + 29 = 55
= 26 + 15 = 41
= 21 + 18 = 39
= 24 + 18 = 42
= 37 + 38 + 31 = 106
= 23 + 33 + 26 = 82
= 35 + 40 + 32 = 107
= 36 + 36 + 30 = 102
= 35 + 39 + 31 = 105
= 25 + 36 + 27 = 88
167
T21.1 = 24 + 20 + 23 =
T21.2 = 17 + 14 + 14 =
67
45
22.1 27 + 35 + 26 =
n22.2 = 26 + 26 + 29 = 81
'23.1 26 + 21 + 24 =
T23.2 =15+18+18
Tl.ll =37+35+35
T1.12 =23+36+25
T1.21 =38+40+39
'1.22
1.31
=33+36+36
31 + 32 + 31 =
11
51
107
84
117
105
94
T
T2.11 =24+27+26
T
2.12 17 + 26 + 15
1>32
= 26 + 30 + 27 = 83
= 11
= ^L
= 76
= *
11
61
T2.21 =20+35+21
T^ = 14 + 26 + 18
Tp o-i = 23 + 26 + 24 =
T2.32 = 14 + 29 + 18 =
T.lll = 37 + 24 = 61
T.112 = 23 + 17 = 40
T.121 = 38 + 20 = 58
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.122
.131
.132
.211
.212
= 33 + 14 = 47
= 31 + 23 = 54
= 26 + 14 = 40
= 35 + 27 = 62
= 36 + 26 = 62
'.221 = 40 + 35 = 75
.222
.231
.232
T
.311
.312
.321
.322
.331
.332
36 + 26 = 62
32 + 26 = ^8
30 + 29 = 59
35 + 26 = 61
= 25 + 15 = 40
= 39 + 21 = 60
= 36 + 18 = 54
31 + 24 = 55
= 27 + 18 = 45
37 + 23 + 38 + 33 + 31 + 26 + 35 + 36 + 40 + 36 +
32 + 30 + 35 + 25 + 39 + 36 + 31 + 27 + 2A + 17 +
20 + 14 + 23 + 14 + 27 + 26 + 35 + 26 + 26 + 29 +
26 + 15 + 21 + 13 + 24 + 18 = 993
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Working from the preceding totals, the C-values
(to be used in C-notation) were determined as follows:
T 2 9
n (993)cl = = ^2-u-L = 27,390.25
ijkl (2)(3)(3)(2)
C = I ^ = ^90)2+(403)2 = 28,361.61
iti Jkl (3)(3)(2)
C = 2 ^ =
(3)2+(37g)2+(315)2
= 27,675.75J
3ti
iki (2)(3)(2)
Ck= Y --^ =
(326)2+(356)2+(3ll)2
=
& ijl (2)(3)(2)
Cl = 7 ^i! =
(544)2+(449)2
= 27>640.94
Zi ijk (2)(3)(3)
c = V T1.1- =
(188)2+(2Q9)2+(193)2+(H2)2
ij
f=1
kl (3)(2)
169^3)(2)2)2
= 28,710.50
170
'ik
m 2
xi.k.
=1
J1
2 ,,nn\2(191) +(222)N-(177) +(135)
(3)(2)
+
2. ,,, ^2(134) +(134)
(3)(2)
23,538.50
'il
T. 2
i. .1
(3l8)2+(272)2+(226)2+(177)2
(3)(3)
9 T 2
. jk.
'jk
"
^
jk=l lX
23,612.56
(l0l)2+(105)2+(94)2+(124)2+(137)2
(2)(2)
(117)2+(101)2+(H4)2+(100)2
(2)(2)
27,773.25
2 /1nn\2
J1 =
V '.j.l (173) +(127) +(195)
+
jl=l
ik (2)(3)
(176)2+(139)2
= 27,978.17
(2)(3)
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,kl
2 ,,^,2
i = y -^'kl "
kl=l ^ (2)(3)
(184) +(142)^(193) +(!63r
+
(167)2+(144)^
= 27,743.83
(2)(3)
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T 2
ijk=l X
(60)2+(7D2+(57)2+(7l)2+(76)2
+
(62)2+(60)2+(75)2+(58)2+(41)2
2
+
34)2+(37)2+(53)2+(6l)2+(55)2
2
+
(4D2+(39)2+(42)2
2
= 28,933.50
12 .n 2
1l.j.l 2 ,rt^2 /1nrN2 n.o\2 /1nr\2
ijl
'
ft^
ijl=l
(106)%(82)%(107) +(102) +(105)
3
+
(88)2+(67)2+(45)2+(88)2+(8l)2
3
+
(71)2+(51) = 29,014.33
3
172
cikl
12 m 2
ikl=l J
2 2 2(107) S(34) +(117) +(105)
3
2 2
+
(83) +(77) +(58)%(76)^+(58)
3
2
+
(73)2+(6l)2
3
= 28,809.00
'jkl
m 2
.jkl
jkl=l
(6l)2+(40)2+(58)2+(47)2+(54)2
2
+
(40)2+(62)2+(62)2+(75)2+(62)2
2
+
(58)2+(59)2+(6l)2+(40)2+(60)2
(54)2+(55)2+(45)2
2
= 28,149.50
s6
'ijkl
'
Zj ijkl
ijkl=l
(37)2+(23)2+(38)2+(33)2+(3l)2+
(26)2+(35)2+(36)2+(40)2+(36)2+
(32)2+(30)2+(35)2+(25)2+(39)2+
2 2 2 2 2
(36)M3l) +(27) +(24) +(17) +
(20)2+(14)2+(23)2+(14)2+(27)2+
(26)2+(35)+(26)S(26)%(29)%
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(26)2+(15)2+(21)2+(l8)2+(24)2+
(13)2
= 29,341.00
From these C-values the sums of squares for each
source of variability was calculated as follows:
S.S. A. = C. - G-,
1 1 -L
28,361.61 - 27,390.25 = 97L36
S S B C C-i
27,675.75 - 27,390.25 = 285.50
s.s. ck - ck - c1
27,478.17 - 27,390.25 = 87.92
S.S. B = C1 - C
27,640.94 - 27,390.25 = 250.69
S.S. (AB). j
= Cj - Cj_ - C . + Cx
28,710.50 - 28,361.61 - 27,675.75 + 27,390.25 = 63.39
S.S. (AC)ik = Cik - C. - Ck + C-l
28,538.50 - 28,361.61 - 27,478.17 + 27,390.25 = 88.97
S.S. (AD)1 = G1 - Ci - Cx + C1
28,612.56 - 28,361.61 - 27,640.94 + 27,390.25 = 0.26
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S.S. (BC)jk = Cjk - c . - C, + Cl
27,773.25 - 27,675.75 - 27,478.17 + 27,390.25 = 9^58
S.S. (BD) .x = Cjl - C .
27,978.17 - 27,675.75 - 27,640.94 + 27,390.25 = 51.73
S.S. (CD)kl = Ckl - Ck - C + Cl
27,743.83 - 27,478.17 - 27,640.94 -;- 27,390.25 = 14.97
S.S. (ABC). , = C M - C. . - C - C + r , r r n!Jk ijk uij ik jk ci + cj + Gk ~ Cl
28,933.50 - 28,710.50 - 28,538.50 - 27,773.25 +
28,361.61 + 27,675.75 + 27,478.17 - 27,390.25 = 36.53
S.S. (ABD)^ = Cijl - Cj. - C1 - C.k + C, + C. + C]_ - 0
29,014.33 - 28,710.50 - 28,612.56 - 27,978.17 +
28. 36I. 61 + 27,675.75 + 27,640.94 - 27,390.25 = 1.15
S.S. (BCD)Jki = Cjkl - Cjk - C ., - Ckl + Cj + Ck + Cl - Cl
28,149.50 - 27,773.25 - 27,978.17 - 27,743.83 +
27,675.75 + 27,473.17 + 27,640.94 - 27,390.25 = 58.86
S.S. (T0TAL)ijkl = Cijki - Cl
29,341.00 - 27,390.25 = 1950.75
The residual sum of squares (R. ., ., ) was found by
subtracting the sum of squares for each individual source
from the total sum of squares for the experiment. This
assumes that there is not a significant highest order inter
action.
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The next column of the ANOVA table is "degrees of
freedom". These vaules are equal to the number of levels
of each factor minus one. For second and third order terms
the degrees of freedom are equal to the products of the
degrees of freedom for the elements of the interaction. The
total degrees of freedom is equal to the total number of
responses minus one.
The "mean square" values for the ANOVA table were
found by dividing the sums of squares by the degrees of free
dom as follows:
M.S. A. =
971'36
= 971.36
1 1
M.s. B. =
285.50
= 142.75
J 2
M.S. Ck =
^92
= ^96
M.S. D]_ =
250-69
= 250^
1
M.S. (AB),. = ^^ = 3K70
-L. O
M.S. (AC)ik = '11 = 44.48
176
M.S. (AD),n = 2i26 = Q^611
1
M.S. (BC) .k =
ill*
= ^^o
4
M.S. (BD).n = iiiZl = 25.,jx
2
M.S. (CD) = 1H = 7.48
2
[.S. (ABC)ijk = ii^l = ^^
4
M.S. (ABD)..n = AiM = Q.58iJJ-
2
M.S. (BCD) jkJ_ = !&*k = 14.72
4
M.S. R. .,, = HHl = 7.46
1JKJ-
4
The calculated mean square values were used to form
F-ratios to be tested against the Fischer F-distribution.
These ratios were formed by dividing each mean square term
by the residual mean square. The calculations were as
follows:
F-ratio, A. =
971. 3<
1 7o46
130.21
F-ratio,
285.50
7.46
142.75
F-ratio, Ck =
43.96
7.46
5.1
F-ratio, D-, =
250.69
7.46
= 33.60
F-ratio, (AB)i-
3L70
7.46
= 4.25
F-ratio, (AC)ik
44.48
7.46
= 5.96
F-ratio, (AD)ii
0.26
7.46
= 0.03
/\ 2.40
F-ratio, (BC),k =JK 7.46
= 0.32
F-ratio, (BD) - = 25^ = 3>4?^ 7.46
F-ratio, (CD)ki
7.48
7.46
= 1.00
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F-ratio, (ABC).., = Hi = 1.221Jk
7.46
r*
F-ratio, (ABD). .. = HHijl
7.46
F-ratio, (BCD).,, = ^Z = 1#9?Jkl 7.46
The F-ratios were tested for significance with two
levels of confidence (90$ and 95%) against the Fischer F-
distribution. The critical values from the Fischer F-Table
are listed in the ANOVA Table (Table 6, p. 179) in two sepa
rate columns. In addition, there are two columns which in
dicate which sources of variability were found to be signif
icant.
The analyses of variance for the 5% and 95% origi
nal dot-sizes are not presented in step-by-step fashion,
instead only the Treatment Tables (Tables 7 and 9, p. 180
and p. 132, respectively) and the ANOVA Tables (Tables 8
and 10, p. 181 and p.183, respectively) are included. The
calculations for the second and third ANOVAs were done in
the same manner as for the 50% original dot-size ANOVA.
Table 6
ANOVA Table - 50% Original
179
0
H
-P
CO
in
ft
O
H
II
ft <-J
CO
-p
r-l
0
CO
CD
u
0
11
0 r?ft u
CO
+>
H
co
CD
in
A.
1
971.36 1 971.36 130.21 4.54 X 7.71 ^
B .
J
285.50 2 142.75 19.14 4.32 X 6.94 X
Gk 87.92 2 43.96 5.89 4.32 X 6.94 NS
Dl 250.69 1 250.69 33.60 4.54 X 7.71 X
(AB)ij 63.39 2 3L70 4.25 4.32 NS 6.94 NS
(AC)ik 88.97 2 44. 48 5.96 4.32 x 6.94 NS
(AD)ijL 0.26 1 0.26 C.03 4.54 NS 7.71 NS
(BC).k 9.58 4 2.40 0.32 4.11 NS 6.39 NS
(BD}jl 5L73 2 25.86 3.47 4.32 NS 6.94 NS
(CD)ki 14.97 2 7.48 1.00 4.32 NS 6.94 NS
(ABC)ijk 36.53 4 9.13 1.22 4.11 NS 6.39 NS
(ABD).^ 1.15 2 0.58 0.08 4.32 NS 6.94 NS
(BCD).kJ_ 58.86 4 14.72 1.97 4.H NS 6.39 NS
Rijkl 29.34 4 7.46
i in r\ i p. a+ =>s ri ptlific anoe
Totals 1950.75 35
* _
NS - not significant
180
Table 7
Treatment Table for 5% ANOVA
Factor III
through
H
overexposure spacer base
H
0 10 29 24
H
ft
H
ft
P1
H O
H
ft 10 33 28
ft +>
O
03
ft
ft
CO
o
5^
9 25 17
H o
u
o
-p
o
CO H
ft
CO
co
CD
H
0
ft
11 14 14
O H
a H
<
^H
M
ft 13 12 14
-d O ft
H -P
ft
cO
o
cO
Ph ft .
CO
o 9 9 10
u
o
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Table 3
ANOVA Table - 5% Original
!>>
-P ft
ft -H 0
O H
H CO co B 0 0 co tr\ CO
0 ft ft 0 CD O 0 H H +> O p
o cO o u 0 xi In P rH H
fn -H cO h 0 cO cO 2 0
2 in 3 0 hO 0 CO 0 Sh II co II CO
O cO 0 cr 0 U CD CT1
ft ^
0
ft c*
0
CO > CO CQ T) ft B co ft in in
A.
i
346.72 1 346.72 32.26 4.54 X 7.71 X
bj 86.33 2 43.16 10.24 4.32
X 6.94 X
ck 325.00 2 162.50 38.55 4.32
X 6.94 X
(AB)^ 8.12 2 4.06 0.96 4.32 NS 6.94 NS
(AC)lk 266.78 2 133.39 3L65 4.32 X 6.94 X
(BC)jk 14.69 4 3.67 O.87 4.H NS 6.39 NS
R. ., 16.86 4 4.22
ijk
Total 1,064.50 17
* - indicates significance
NS - not significant
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Table 9
Treatment Table for 95% ANOVA
Factor III
through
ft
ft
H
ft
H
M
!h
O
P
o
cO
ft
H
H
0
ft
overexposure spacer base
11 25 25
H
ft
ft
17 28 37
co
o 17 24 22
H
u
o
p
o
cO
ft
U
o
ft
0
12 14 17
CO
CO
0
o
o
=*;
X)
H
ft
Ci
Pi
M
M
U
O
+>
O
cO
ft
ft
H
ft
ft
22 14 20
CO
o 16 13 11
Table 10
ANOVA Table - 95% Original
!>>
+> ft
ft -H o
O H
H co co B o 0 CO UA CO
0 ft ft 0 0 o 0 H H ft 0 pi
O cO o u 0 xi u -P * H r-i
Jh -H cO U CD a co CO 3 0
0 U B 0 hfl 0 CO 0 U II CO II co
O cO 0 cj 0 U CD CT1 O , 0
ft u
0
CO > CO CO X} ft S CO ft ft O U U
A.
l
249.39 1 249.39 35.78 4.54 X 7.71 X
B .
J
132.33 2 66.16 9.49 4.32 X 6.94 X
Ck 116.33 2 58.16 8.35 4.32 X 6.94 X
(AB)j 5.45 2 2.72 0.39 4.32 NS 6.94 NS
(AC)ik 186.78 2 93.39 13.40 4.32 X 6.94 X
(BC).k 86.34 4 21.58 3.10 4.H NS 6.39 NS
Rijk 27.88 4 6.97
Total 304.50 17
* - indicates significance
NS - not significant
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Re suits of ANOVAs
The results of the ANOVA Table for the 50% orig
inal dot-size indicates the following:
1. The type of graphic arts film used was a signif
icant source of variability in this experiment.
Over 95% confidence is placed on this finding;
in fact, the F-ratio was higher for this factor
than any other, indicating the greatest margin
of confidence. Lith film exhibited a larger
capacity for dot-size manipulation than rapid
access.
2. A significant difference was found (with 95% con
fidence) between the three halftone originals.
The maximum dot-size change of the PDI original
was greater than for the Hell and Crosfield orig
inals (which were roughly equal).
3. A significant difference was found (with 95% con
fidence) between the negative and positive phases
of contact printing. It was found that a greater
dot-size manipulation was possible going from the
original positive to the intermediate negative
than from the intermediate negative to duplicate
positive.
4. A significant difference was found between the
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three techniques of contact printing at the 90%
level, but the difference could not be detected
with 95% confidence. The relative capacities
of the three contact printing techniques were dif
ferent for lith and rapid access films as dis
cussed below.
5. A significant interaction was detected (with 90%
confidence only) between the contact printing
techniques and the graphic arts films used. With
lith film the use of a 4-mil spacer showed slight
ly more capacity for dot-size change than the
overexposure technique, and both of these tech
niques were significantly higher than shooting
through-the-base. On rapid access film the three
techniques showed roughly equal capacities for
dot growth. In all cases lith film showed more
capacity for dot-size growth than rapid access
film.
6. None of the other second order interactions nor
any of the third order interactions tested were
found to be significant.
The results of the ANOVA Table for the 5% original
dot-size indicates (with 95% confidence) the following:
1. Lith film was found to exhibit significantly
greater capacity for dot growth than rapid access,
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except when treated by the overexposure tech
nique (see #4 below).
2. A significant difference was found between orig
inals with respect to capacity for dot-size
change. The Crosfield original exhibited the
least capacity for dot growth; the Hell original
was second, and the PDI original showed the great
est capacity for change.
3. A significant difference was found between tech
niques of contact printing. Overexposure pro
duced the smallest amount of acceptable dot growth;
exposure through-the-base was second, and use of a
4-mil spacer produced the largest dot-size change.
4. A significant interaction was found between the
contact printing techniques and the type of graph
ic arts film used. The techniques of shooting
through-the-base and using a spacer showed signif
icantly more dot growth capacity on lith film
than on rapid access, but the overexposure tech
nique did not.
5. None of the other second order nor any of the third
order interactions tested was found to be a sig
nificant source of variability.
The results of the ANOVA Table for the 95% original
dot-size indicates (with 95% confidence) the following:
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1. Lith film was found to exhibit significantly
greater capacity for dot growth than rapid access
film, except when treated by the overexposure
technique (see #4 below).
2. The halftone originals exhibited different capac
ities for dot-size manipulation. The Hell orig
inal showed the least capacity; the Crosfield
original was second, and the PDI original demon
strated the greatest capacity for dot-size growth.
3. The contact printing techniques tested showed dif
ferent capacities for affecting acceptable dot-
size changes. The overexposure technique resulted
in the smallest acceptable dot growth; the use of
a 4-mil spacer was second, and exposing through-
the-base caused the largest amounts of dot growth.
4. A significant interaction was detected between the
contact printing techniques and the graphic arts
films used. The techniques of exposing through-
the-base and using a 4-mil spacer caused greater
dot growth with lith film than with rapid access;
however, the overexposure technique produced
slightly more dot growth on rapid access than on
lith film.
5. None of the other second order nor any of the third
order interactions tested was found to be a signif
icant source of variability.
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CHAPTER IV
CONCLUSIONS, OBSERVATIONS, AND
RECOMMENDATIONS FOR FURTHER STUDY
Conclusions
The conclusions for the five hypotheses in
Chapter I (p. 4) were as follows:
1. Hypothesis: The maximum dot-size growth on lith film
would be significantly higher than on rapid access
film.
Conclusion: The evidence from this experiment sup
ported this hypothesis for most treatment combinations,
However, two exceptions were found when the over
exposure technique was applied to the 5% or 95%
original dot-sizes. In these cases rapid access and
lith films showed roughly equal capacities for dot-
size growth.
2. Hypothesis: The three types of halftone originals
would not exhibit significantly different dot growth
characteristics.
Conclusion: The evidence did not support this hy
pothesis; instead, the largest degree of acceptable
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dot growth was consistently found with the PDI
original. The Crosfield and Hell originals exhibit
ed similar dot growth capacities.
3. Hypothesis: The maximum acceptable dot-size change
would be greater using the 4-mil spacer during ex
posure; the second highest acceptable change would
be achieved with emulsion-to-emulsion exposure, and
exposing through-the-base would yield lower acceptable
dot-size changes.
Conclusion: The evidence gathered in this study did
not support this hypothesis; instead, it was found
that the relative capacities of the contact printing
techniques varied with the type of graphic arts film
used and the original dot-sizes considered. At 5%
original dot-size on lith film the largest dot growth
was caused by exposing through a 4-mil spacer; ex
posing through-the-base was second, and overexposure
caused the least dot growth. With rapid access film
(5% original dot-size) exposing through-the-base
caused slightly more dot growth than use of a 4-mil
spacer, and, again, overexposure caused the least
dot-size growth.
At 50% original dot-size, on lith film, the use
of a 4-mil spacer showed slightly more capacity for
o-rowth than the overexposure technique, and exposing
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through-the-base resulted in the least dot growth.
With rapid access film at 50% original dot-size the
three contact printing techniques showed equal
capacities for dot-size change.
At 95% original dot-size on both lith film
and rapid access film the technique of exposing
through-the-base resulted in slightly larger dot
growth than the use of a 4-mil spacer. The overex
posure technique showed the least capacity for dot-
size change.
4. Hypothesis: There would be no significant difference
in attainable dot-size change during the positive-to-
intermediate negative generation as opposed to the
intermediate negative-to-duplicate positive generation
of contact printing.
Conclusion: The evidence from this research does not
support this hypothesis. In all instances it was
found that greater dot growth was possible from posi
tive-to-intermediate negative than from intermediate
negative-to-duplicate positive.
5. Hypothesis: The maximum acceptable dot growth for
the five different original dot-sizes would not be
equal. The dot-size growth would describe a symmet
rical curve with the apex at the 50% original dot-
size .
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Conclusion: The data from this study did not wholly
support this hypothesis. While it was found that
the maximum dot growth did not occur evenly through
out the scale, it was found to be a skewed, rather
than symmetrical relationship. Shadow areas exhibit
ed greater ranges of acceptable dot-size change when
going from original positive-to-intermediate negative.
However, when going from intermediate negative-to-
duplicate positive, the highlight end of the scale
can change more than the shadows.
Observations
The following observations are intended to aid the
practitioner of dry etching in utilizing the results of
this study:
1. The contact printing system for dry etching must yield
repeatable high quality results. This implies auto
mated film processing, integrated exposure lamps,
effective vacuum printing frames, and elimination of
stray light in the darkroom.
2. Lith film appears to be a better choice for dry etch
ing than rapid access.
3. Isolation masks are usually generated photographically,
These masks can be made to achieve desired contrast
manipulations within treatment areas.
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4. The overexposure technique is the most popular,
particularly for small and medium changes in color.
Partial exposure through-the-base will serve to
decrease contrast, and spacer films can be used for
large changes.
5. The limits of acceptable dot-size change should be
found at several different original dot-sizes for
the particular system being used (see Figure 17, pp.
136-147). If these limits are plotted in a graph,
then the universe of possible dot-size changes (yield
ing commercially acceptable results) is evident at a
glance.
6. A chart can be constructed showing what specific dot-
sizes result from several levels of dry etching
treatment (see Table 4, pp. 151-159). The chart can
be used to find the exposure time needed to make a
desired change in dot-size.
Recommendations for Further Study
The nature of this study was that of an initial in
vestigation into the effects of dry etching. Further studies
would be useful to examine some of the factors considered
here with more precision. The following topics are recom
mended for subsequent studies:
1. A study could be performed to test the repeatability
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of dry etching. This could be done by performing
a series of dry etching manipulations; then repli
cating the experiment several times, and analyzing
the results to determine the degree of variance
between different applications.
2. A study cculd be performed based on objective rather
than subjective evaluation of acceptable dot quality.
A scanning microdensitometer could be used to read
the test films. Tolerances for background fog and
the slope of the dot fringe tracing might be used to
determine acceptable dot quality.
3. A study could be carried out to compare physical
measurements of dot-sizes against densitometric
measurements. The relationships would be expected
to change for the different techniques of dry etching
exposure. The physical measurements could be made
through a high power microscope equipped with a reticle,
4. A study could examine the effects of split exposures
(ie., partial emulsion-to-emulsion exposure and partial
exposure through-the-base). This combination was
found to be practiced by industry and was claimed to
offer a more controlled dot-size manipulation.
5. A study could be performed to investigate the effects
of underexposure on dot-size change. This study
would establish minimum exposure manipulations in
terms of acceptable dot structure.
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APPENDIX I
DOT-FOR-DOT EXPOSURE DATA
DOT-FOR-DOT VARIABILITY
EFFECTS OF EXPOSURE MANIPULATION
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE
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TABLE 11
D0T-FCR-D0T EXPOSURE DATA LITH NEGATIVE
~ EMULSION-TO-EMULSION
Exposure Time
0.* T.* 11 12 13 lit 15 16 17 18 19
Hell Original
6 3k 92
25 75 73
k3 51 50
75 25 23
95 5 k
32 92 93 93 3k 93 93 9^
Ik Ik 75 75 76 76 76 76
50 51 51 52 53 5k 53 55
25 25 26 26 26 27 27 28
k k 5 6 5 5 5 5
PDI Original
B 52 9D 90 91 91 92 91 92 92 52
23 77 Ik 75 75 75 76 76 76 77 77
k3 51 kB k3 50 5G 51 52 52 53 52
75 25 22 23 2k 26 25 25 26 26 26
93 7 5 6 6 8 8 6 7 8 8
Crosfield Original
3 97 3k 9 k 95 95 95 95 96 96 96
22 78 76 77 78 78 78 78
7^ 79 79
h5 51 k3 51 52 52 53 53 53 5k 55
73 27 26 28 28 28 28 29 29 29 30
95 5 k 6 k 5 5 5 5 7 6
*0. orijginal
dot--size
T. tarjget dot-size
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA LITH POSITIVE
EMULSION-TO-EMULSION
Exposure Time
D- 12 13 14 15 16 17 18 19 20 21
Hell Ori ginal
6 6 6 6 6 7 6 6 1 8 8
25 25 2k 25 25 26 26 26 27 27 27
k3 kl kl kl ka k3 k3 k3 k3 51 51
75 73 73 73 73 Ik 75 75 75 75 75
95 93 93 93 93 3k 3k 3k 94 3k 3 k
PDI Orig inal
8 8 8 8 8 8 8 8 9 9 9
23 23 23 23 23 2k 25 25 26 26 27
k3 48 k8 k3 k3 50 50 50 51 52 52
75 Ik Ik 75 Ik 75 76 76 76 77 77
93 92 92 92 92 92 93 93 93 93 93
Crosfield Original
3 k
22 22
k3 kl
73 70
95 93
5 k k 5 4 4 5 5 5
23 22 22 23 23 24 24 23 24
kl kl kl kB 49 49 50 51 51
70 71 71 71 72 72 73 73 73
93 3k 93 93 94 94 94 94 94
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA LITH NEGATIVE
4-MIL SPACER
Exposure Tims
- T- 11 12 13 14 15 16 17 18 19
Hell Original
6 94 90 91 92 93 93 93 94 94 93
25 75 72 72 74 74 75 76 77 78 77
49 51 46 47 49 51 52 53 55 55 55
75 25 20 22 22 25 25 27 29 29 28
95 5 2 3 3 5 4 5 6 6 6
PDI Original
8 92 87 88 90 91 91 92 93 93 93
23 77 71 72 74 75 76 77 78 79 78
49 51 43 46 47 50 51 53 54 55 55
75 25 ie 20 21 23 22 25 27 27 27
93 7 3 5 5 6 6 7 8 9 8
Crosfield Ori ginal
3 97 91 92 94 94 95 96 96 97 97
22 78 72 74 75 77 78 79 79 81 80
49 51 46 47 49 51 52 53 55 56 55
73 27 22 24 25 26 27 29 30 31 30
95 5 2 3 3 4 4 5 6 6 6
203
TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA LITH POSITIVE
4-MIL SPACER
Exposure Time
D- n 12 13 14 15 16 17 18 19
Hell Original
6 4 6 5 6 6 6 7 8 8
25 20 22 22 24 24 25 27 26 27
49 42 44 45 47 47 48 50 50 51
75 68 70 71 72 73 74 76 76 76
95 91 92 93 93 94 94 95 95 95
PDI Orig inal
8 5 6 6 8 7 8 9 9 9
23 18 21 20 22 23 24 25 25 26
49 42 44 45 48 48 50 51 52 52
95 70 71 72 73 75 75 77 78 78
93 89 91 91 92 93 93 94 94 94
Crosfield Original
3 2 2 3 4 4 5 5 5 6
22 17 19 20 22 22 23 24 24 25
49 42 44 44 46 47 49 50 50 50
73 66 68 68 70 71 72 73 74 74
95 91 92 93 93 94 94 95 95 95
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA LITH NEGATIVE
THROUGH BASE
Exposure Time
0. T. 23 24 25 26 27 28 29 30 31 32 33
Hell Original
6 94 90 91 92 92 93 93 94 95 94 94 94
25 75 72 74 75 76 76 77 77 77 77 77 78
49 51 49 51 52 52 53 54 54 54 55 54 55
75 25 23 24 24 24 26 27 26 26 28 27 27
95 5 3 3 4 4 4 5 4 4 4 5 4
PDI Original
e 92 88 89 91 91 92 92 93 93 93 93 94
23 77 72 73 75 75 76 76 77 77 78 77 78
49 51 48 49 49 51 53 53 54 53 54 54 55
75 25 22 22 23 23 25 26 25 26 25 26 26
93 7 5 5 5 4 6 7 6 6 6 7 7
Crosfield Original
3 97 91 92
22 78 74 75
49 51 50 51
73 27 26 26
95 5 3 3
94 95 95 95 96 96 96 96 96
77 77 78 79 80 80 80 80 81
52 52 53 53 55 55 55 55 56
27 27 28 28 29 29 28 29 30
4 4 4 4 4 4 4 4 5
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA LITH POSITIVE
THROUGH BASE
0. 25 26 27 28
Hell Original
Exposure Time
29 30 31 32 33 34 35
6 5 5 6 6 6 6 6 6 6 6 7
25 23 23 24 24 24 25 25 25 25 25 27
49 47 47 48 49 49 49 49 50 50 50 53
75 73 73 74 74 75 75 75 75 76 76 77
95 93 93 94 94 94 95 94 94 95 95 95
PDI Original
8 6 7 7 7 8 8 8 8 8 8 9
23 22 22 23 23 23 24 23 24 24 25 26
49 48 48 49 49 50 51 50 51 51 51 53
75 74 75 75 76 76 77 77 76 77 77 78
93 92 92 92 93 93 94 94 93 94 94 94
Cros field Original
3 4 3 4 4 3 3 3 4 4 5 5
22 22 22 22 22 22 22 22 23 22 22 24
49 47 47 48 47 48 47 49 49 49 50 50
73 70 71 71 72 72 72 73 72 73 72 73
95 92 92 94 94 94 94 94 94 95 94 95
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA RAPID ACCESS NEGATIVE
EMULSION-TO-EMULSION
Exposure Time
0. T. 7 8 9 10 11 12 13 14
Hell Original
6 94 91 92 93 94 94 94 95 95
25 75 74 74 75 76 76 77 77 78
49 51 49 50 51 52 53 53 54 54
75 25 22 23 24 25 26 25 27 26
95 5 2 3 3 3 4 3 4 3
PDI Original
8 92 89 90 91 92 92 93 93 93
23 77 73 75 76 77 78 78 78 79
49 51 48 50 51 51 52 53 53 54
75 25 21 23 23 23 24 24 24 24
93 7 3 5 4 4 5 5 5 5
Crosfield Original
3 97 94 95 96 96 96 97 97 96
22 78 76 78 79 80 80 80 81
81
49 51 50 51 53 53 54 55 55
56
73 27 25 27 27 28 28 29
29 29
95 5 2 3 3 3 3
4 4 3
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA ~ RAPID ACCESS POSITIVE
EMULSION-TO-EMULSION
Exposure Time
7 8 9 10 11 12 13 14 15
Hell Original
6 7 6 6 7 7 8 7 7 10
25 23 25 24 24 24 25 26 27 29
49 44 47 47 47 47 48 51 51 52
75 71 73 74 74 74 75 77 78 79
95 91 93 94 94 94 95 96 96 96
PDI Orig inal
8 7 8 in 8 9 9 9 9 10
23 21 24 23 23 25 24 25 25 25
49 45 47 48 48 50 49 52 53 53
75 72 74 75 75 76 76 79 79 79
93 89 92 93 93 93 93 95 95 95
Crosfield Original
3 7
22 23
49 49
73 70
95 92
5 4 6 5 5 6 6 7
23 24 23 23 22 26 25 27
48 4B 49 49 50 54 54 54
72 72 74 73 74 77 77 77
94 95 96 95 96 97 97 97
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA RAPID ACCESS NEGATIVE
4-MIL SPACER
Exposure Time
* T- 6 7 8 9 10 11 12 13 14
Hell Original
6 94 83
25 75 44
49 51 22
75 25 7
95 5 0
89 91 93 93 95 96 96 96
71 73 76 77 76 79 79 80
47 49 52 54 56 57 57 57
21 22 25 26 28 28 28 29
3 3 5 5 7 7 6 6
PDI Original
8 92 84 87 8 9 92 93 94 94 95 95
23 77 42 71 73 77 78 80 81 82 83
49 51 21 46 49 52 54 56 57 58 59
75 25 6 20 21 24 25 27 27 28 28
93 7 0 4 5 6 7 9 8 9 8
Crosfield Ori ginal
3 97 89 90 93 95 96 97 98 98 98
22 78 67 74 76 79 80 81 82 83 83
49 51 41 47 50 53 55 56 57 58 58
73 27 22 24 25 28 29 30 31 31 32
95 5 5 3 4 5 5 6 6 6 6
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA - RAPID ACCESS POSITIVE
4-MIL SPACER
Exposure Time
D* 6 7 8 9 10 11 12 13 14
Hell Original
6 5 6 4 5 6 7 6 6 10
25 18 20 21 22 24 25 24 25 27
49 38 42 44 46 47 48 49 49 52
75 64 70 72 74 75 76 77 77 78
95 37 91 93 94 95 95 96 96 96
PDI Orig inal
8 4 5 5 6 8 8 8 8 10
23 15 18 19 20 22 23 23 23 24
45 37 41 43 46 48 49 50 51 51
75 65 70 73 75 76 77 78 79 79
93 84 89 51 93 94 94 95 95 96
Crosfield Ori ginal
3 2 2 2 3 5 5 4 5 4
22 15 17 18 20 22 22 22 23 23
49 38 43 4 5 47 49 49 50 51 52
73 63 68 70 72 74 75 75 76 76
95 86 91 94 95 96 96 97 97 97
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA RAPID ACCESS NEGATIVE
THROUGH BASE
Exposure Time
- T- 12 13 14 15 16 17 IB 19
Hell Ori ginal
6 94 88 90 92 92 94 94 95 95
25 75 70 73 74 75 76 76 77 78
49 51 45 48 50 51 52 53 54 54
75 25 20 22 23 24 25 25 26 27
95 5 3 3 4 4 4 5 5 5
PDI Original
8 92 85 89 91 92 92 92 93 93
23 77 69 73 75 76 77 78 79 79
49 51 44 47 49 50 52 52 54 54
75 25 IB 20 22 23 23 24 25 26
93 7 3 5 6 5 6 6 6 7
Crosfield Ori gi nal
3 97 BQ 93 94 96 95 96 96 97
22 78 71 75 77 78 79 79 80 80
49 51 44 48 50 52 52 53 55 55
73 27 21 23 76 26 27 27 29 29
95 5 2 3 4 4 5 5 6 6
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TABLE 11 (continued)
DOT-FOR-DOT EXPOSURE DATA RAPID ACCESS POSITIVE
THROUGH BASE
Exposure Time
0. 15 16 17 18 19 20 21 22 23 24 25
Hell Original
6 5 5
25 22 22
49 45 45
75 72 73
95 93 93
5 7 6 6 6 6 6 7 7
23 25 24 24 25 24 25 25 25
46 47 47 49 48 48 49 49 49
73 75 75 75 75 76 76 76 77
94 94 94 95 95 95 95 96 96
PDI Original
8 6 6 7 8 8 8 8 8 8 9 8
23 20 21 21 23 23 22 23 23 23 24 24
49 45 46 47 48 4e 49 49 49 50 50 51
75 73 74 74 76 76 77 77 77 78 7B 78
93 91 92 92 93 93 94 94 94 94 95 95
Crosfield Original
3 3 4
22 20 20
49 46 47
73 71 71
95 93 94
3 4 4 4 4 4 4 4 5
20 22 22 22 72 77 22 23 23
47 49 49 49 50 50 51 50 51
72 73 73 74 74 75 75 75 75
94 95 95 96 96 96 96 96 96
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TABLE 12
DOT-FOR-DOT VARIABILITY LITH NEGATIVE
EMULSION-TO-EMULSION
Exposure Time
' T' U 12 13 14 15 16 17 18 19
Hel 1 Ori ginal
6 94 2 2 2 1 1 0 1 1 0
25 75 2 1 1 0 0 1 1 1 1
49 51 1 1 0 0 1 2 3 2 4
75 25 2 0 0 1 1 1 2 2 3
95 5 1 1 1 0 1 D 0 0 0
8 5 4 2 4 4 7 6 8
PDI Orig inal
E 92 2 2 1 1 13 1 0 0 0
23 77 3 2 2 2 1 1 1 0 0
49 51 3 2 1 1 D 1 1 2 1
75 25 3 2 1 1 0 0 1 1 1
93 7 2 1 I 1 1 1 0 1 1
13
Crosfield Original
3 97 3 3 2 2 2 2 1 1 1
22 78 2 1 [.'1 0 0 0 1 1 1
49 51 2 0 1 1 2 2 2 3 4
73 27 1 1 1 1 1 2 2 2 3
95 5 1 1 1 0 0 0 0 2 1
10
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY LITH POSITIVE
EMULSION-TO-EMULSION
Exposure Time
* 12 i3 14 15 16 17 IB 19 20 21
Hell Ori ginal
6 0 0 0 0 1 0 0 1 2 2
25 0 1 D 0 1 1 1 2 2 2
49 2 2 2 1 0 0 0 0 2 2
75 2 2 2 2 1 0 0 0 0 0
95 2 2 2 2 1 1 1 1 1 1
6 7 6 5 4 2 2 4 7 7
PDI Orig inal
8 0 0 0 0 0 0 0 1 1 1
23 0 0 0 0 1 2 2 3 3 4
49 1 1 0 0 1 1 1 2 3 3
75 1 1 0 1 0 1 1 1 2 2
93 1 1 1 1 1 0 0 0 0 0
3 3 1 2 3 4 4 7 9 10
Crosfield Original
3 1 2 1 1 2 1 1 2 2 2
22 0 1 0 0 1 1 2 2 1 2
49 2 2 2 2 1 0 0 1 2 2
73 3 3 2 2 2 1 1 0 0 0
95 2 2 1 2 2 1 1 1 ] 1
B 10 6 7 8 4 5 6 6 6
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY LITH NEGATIVE
4-MIL SPACER
Exposure Time
0. T. H 12 13 14 15 16 17 18 19
Hell Orig inal
6 94 4 3 2 1 1 1 0 0 1
25 75 3 3 1 1 0 1 2 3 2
49 51 5 4 2 0 1 2 4 4 4
75 25 5 3 3 0 0 2 4 4 3
95 5 3 2 2 0 1 0 1 1 1
20 15 10 2 3 6 11 12 11
PDI Origi nal
8 92 5 4 2 1 1 0 1 1 1
23 77 6 5 3 2 1 0 1 2 1
45 51 8 5 4 1 0 2 3 4 4
75 25 7 5 4 2 3 0 2 2 2
53 7 4 2 2 1 1 0 1 2 1
30 21 15 7 6 2 a 11 9
Crosfield Original
3 97 6 5 3 3 2 1 1 0 0
22 78 6 4 3 1 0 1 1 3
7
49 51 5 4 2 0 1 2
4 5 4
73 77 5 3 7 1 0 2
3 4 3
95 5 3 2 2 1 1
0 1 1 1
25 18 12 6 4 6 10 13 10
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY LITH POSITIVE
4-MIL SPACER
Exposure Time
D* U I2 13 14 15 16 17 18 19
Hell Ori ginal
6 2 0 1 0 0 0 1 2 2
25 5 3 3 1 1 0 2 1 2
49 1 5 4 2 2 1 1 1 2
75 7 5 4 3 2 1 1 1 1
95 4 3 2 2 1 1 0 0 0
25 16 14 8 6 3 5 5 7
PDI Orig inal
B 3 2 2 0 1 0 1 1 1
23 5 2 3 1 0 1 2 2 3
49 7 5 4 1 1 1 2 3 3
75 5 4 3 2 0 0 2 3 3
53 4 2 2 1 0 0 1 1 1
24 15 14 5 2 2 8 10 11
Crosfield Original
3 1 1 0 1 1 2 2 2 3
22 5 3 2 0 0 1 2 2 3
49 7 5 5 3 2 0 1 1 1
73 7 5 5 3 2 1 0 1 1
95 4 3 2 2 1 1 0 0 0
24 17 14 9 6 5 5 6 8
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY LITH NEGATIVE
THROUGH BASE
Exposure Time
0. 23 24 25 26 27 28 29 30 31 32 33
Hell Original
94 4 3 2 2 1 1 D 1 0 0 0
75 3 1 0 1 1 1 2 2 2 2 2
51 2 0 1 1 2 3 3 3 4 3 4
25 2 1 1 1 1 2 1 1 3 2 2
5 2 2 1 1 1 0 1 1 1 0 1
13 7 5 6 6 7 7 8 10 7 10
PDI Original
92 4 3 1 1 0 0 1 1 1 1 2
77 5 4 2 2 1 1 0 0 1 0 1
51 3 2 2 0 2 2 3 2 3 3 4
25 3 3 2 2 0 1 0 1 0 1 1
7 2 2 2 3 1 0 1 1 1 0 0
17 14 9 8 Ji_ 4 5 5 6 5 8
Cros.field Ori ginal
97 6 5 3 7 2 2 1 1 1 1 1
7B 4 3 1 ] 0 1 7 2 2 2 3
51 10112244445
27 11D01122123
5 22111111110
7Z~~ IT"
6
_5_
6 7 10 10 9 10 12
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY LITH POSITIVE
THROUGH BASE
Exposure Time
0. 25 26 27 2B 29 30 31 32 33 34 35
Hell Original
6 1 1 0 0 0 0 0 0 0 0 1
25 2 2 1 1 1 0 0 0 0 0 2
49 2 2 1 0 0 0 0 1 1 1 4
75 2 2 1 1 0 0 0 0 1 1 2
95 2 2 1 1 1 0 1 1 0 0 0
9 9 4 3 2 0 1 2 2 2 9
PDI Original
Crosfield Original
8 2 1 1 1 0 0 0 0 0 0 1
23 1 1 0 0 0 1 0 1 1 2 3
49 1 1 0 0 1 2 1 2 2 2 4
75 1 0 0 1 1 2 2 1 2 2 3
93 1 1 1 0 0 1 1 0 1 1 1
6 4 2 2 2 6 4 4 6 7 12
3 1 0 1 1 0 0 0 1 1 2 2
22 0 0 0 0 0 0 0 1 0 0 2
49 2 2 1 2 1 2 0 0 0 1 1
73 3 2 2 1 1 1 0 1 0 1 0
95 3 3 1 1 1 1 1 1 0 1 0
9 7 5 5 3 4 1 4 1 5 5
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY RAPID ACCESS NEGATIVE
EMULSION-TO-EMULSION
Exposure Time
D T- 7 8 9 10 11 12 13 14
Hell Original
6 94 3 2 1 0 0 0 1 1
25 75 1 1 0 1 1 2 2 3
49 51 2 1 0 1 2 2 3 3
75 25 3 2 1 0 1 0 2 1
97 5 3 2 2 2 1 2 1 2
12 8 4 4 5 6 9 10
PDI Original
8 92 3 2 1 0 0 1 1 1
23 77 4 2 1 0 1 1 1 2
49 51 3 1 0 0 1 2 2 3
75 25 4 2 2 2 1 1 1 1
53 7 4 2 3 3 2 2 2 2
18 9 7 5 5 7 7 9
Crosfield Original
3 97 3 2 1 1 1 0 0 1
22 78 2 0 1 2 2 2 3 3
49 51 1 0 2 2 3 4 4 5
73 77 2 0 0 1 1 2 2 2
95 5 3 7 2 2 2 1 1 2
11 4 6 8 9 9 1.0 13
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY RAPID ACCESS POSITIVE
EMOLSION-TO-EMULSION
Exposure Time
7 8 9 10 11 12 13 14 15
Hell Original
6 1 D 0 1 1 2 1 1 4
25 2 0 1 1 1 0 1 2 4
49 5 2 2 2 2 1 2 2 3
75 4 2 1 1 1 0 2 3 4
95 4 2 1 1 1 0 1 1 1
16 6 5 6 6 3 7 9 16
PDI Original
B 1 0 2 0 1 1 1 1 2
23 2 1 0 0 2 1 2 2 2
49 4 2 1 1 1 0 3 4 4
75 3 1 0 0 1 1 4 4 4
93 4 1 0 0 0 0 2 2 2
14 5 3 1 5 3 12 13 14
Crosfield Original
3 4 2 1 3 2 2 3 3 4
22 1 1 1 1 1 0 4 3 5
49 0 1 1 [] 0 1 5 5 5
73 3 1 1 1 0 1 4 4 4
95 3 1 0 1 0 1 2 2 2
11 6 4 6 3 5 18 17 20
TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY RAPID ACCESS NEGATIVE
4-MIL SPACER
Exposure Time
- T 6 7 8 9 10 11 12 13 14
Hell Original
6 94 11 5 3 1 1 1 2 2 2
25 75 31 4 2 1 2 3 4 4 5
49 51 29 4 2 1 3 5 6 6 6
75 25 IB 4 3 0 1 3 3 3 4
95 5 5 2 2 0 0 2 2 1 1
94 19 12 3 7 14 17 16 18
PDI Original
8 92 8 5 3 0 1 2 2 3 3
23 77 35 6 4 0 1 3 4 5 6
49 51 30 5 2 1 3 5 6 7 8
75 25 19 5 4 1 0 2 2 3 3
93 7 7 3 2 1 0 2 1 2 1
99 24 15 3 5 14 15 20 21
Crosfield Original
3 97 8 7 4 2 1 0 1 1 1
22 78 11 4 2 1 2 3 4 5 5
49 51 10 4 1 2 4 5 6 7 7
73 27 5 3 2 1 2 3 4 4 5
95 5 0 2 J 0 0 1 1 1 1
34 20 10 6 9 12 16 IB 19
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY RAPID ACCESS POSITIVE
4-MIL SPACER
Exposure Time
D* 6 7 6 9 10 11 12 13 14
Hell Original
6 1 0 2 1 0 1 0 0 4
25 7 5 4 3 1 0 1 0 2
49 11 7 5 3 2 1 0 0 3
75 11 5 3 1 0 1 2 2 3
95 8 4 2 1 0 0 1 1 1
38 21 16 9 3 3 4 3 13
PDI Original
8 4 3 3 2 0 0 0 0 2
23 8 5 4 3 1 0 0 0 1
49 12 a 6 3 1 0 1 2 2
75 10 5 2 0 1 2 3 4 4
93 9 4 2 0 1 1 2 2 3
43 25 17 8 4 3 6 8 12
Crosfield Original
3 1 1 1 0 2 2 1 2 1
22 7 5 4 2 0 0 0 1 1
49 11 6 4 2 0 0 1 2 3
73 10 5 3 1 1 2 2 3 3
95 9 4 1 0 1 1 2 2 2
38 21 13 5 4 5 6 10 10
TABLE 12 (continued)
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DOT-FOR-DOT VARIABILITY - RAPID ACCESS NEGATIVE
THROUGH BASE
Exposure Time
D' T* 12 13 14 15 16 17 18 19
Hell Original
6 94 6 4 2 2 0 0 1 1
25 75 5 2 1 0 1 1 2 3
45 51 6 4 1 0 1 2 3 3
75 25 5 3 2 1 0 0 1 2
95 5 2 2 1 1 1 0 0 0
24 15 7 4 3 3 7 9
PDI Orig:Lnal
8 92 7 3 1 0 0 0 1 1
23 77 8 4 2 1 0 1 2 2
45 51 7 4 2 1 1 1 2 2
75 25 7 5 3 2 2 1 0 1
93 7 4 2 1 2 1 1 1 0
32 18 9 6 4 4 6 6
Cros f ielc1 Original
3 57 9 4 3 1 2 1 1 0
22 7e 7 3 1 0 1 1 2 2
49 51 7 3 1 1 1 2 4 4
73 27 6 4 1 1 0 0 2 2
95 5 3 2 1 1 0 0 1 1
32 16 7 4 4 4 10 9
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TABLE 12 (continued)
DOT-FOR-DOT VARIABILITY - RAPID ACCESS POSITIVE
THROUGH BASE
Exposure Time
18 19 20 21 22 23 24 25
. 15 16 17
Hell Original
6 1 1 1 1 0 0 0 0 0 1 1
25 3 3 7 0 1 1 0 1 0 0 0
49 4 4 3 2 2 0 1 1 0 0 0
75 3 2 2 0 0 0 0 1 1 1 2
95 2 2 1 1 1 0 0 0 0 1 1
13 12 9 4 4 1 1 3 1 3 4
PDI Original
8 2 2 1 0 0 0 0 0 0 1 0
23 3 2 2 0 0 1 0 0 0 1 1
49 4 3 2 1 1 0 0 0 1 1 2
75 2 1 1 1 1 2 2 2 3 3 3
93 2 1 1 0 0 1 1 1 1 2 3
13 9 7 2 2 4 3 3 5 8 8
Crosfield Original
3 0 1 0 1 1 1 1 1 1 1 2
22 7 2 2 0 0 0 0 0 0 1 1
49 3 2 2 0 0 0 1 1 2 1 2
73 2 2 1 0 0 1 1 2 2 2 2
95 2 1 1 0 0 1 1 1 1 1 1
224
TABLE 13
EFFECTS OF EXPOSURE MANIPULATION LITH NEGATIVE
OVEREXPOSURE
Exposure Manipulation Factors
Hell Original
PDI Original
1.25 1.5
94 95 95 96 98 96 99 99
76 79 79 82 85 87 90 92
53 57 58 60 64 66 71 75
27 29 31 32 34 36 39 42
5 5 6 7 8 B 9 10
92 93 94 95 97 9B 99 99
77 80 81 83 86 88 92 95
53 56 58 60 65 68 74 78
76 77 29 29 32 34 37 40
7 7 8 9 10 11 12 13
Crosfield Original
97 97 98 98 99 99 100 100
79 81 8? 85 87 89 92 93
54 57 58 62 65 67 72 76
29 31 32 34 37 39 42 45
5 5 6 7 8 8 10 10
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH NEGATIVE (continued)
OVEREXPOSURE
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
99 100 100 100 100 100 100 100
94 97 98 99 99 100 100 100
78 85 BB 93 97 99 99 100
44 52 56 67 7B 90 94 99
10 12 12 14 16 22 22 29
PDI Original
99 100 100 100 100 100 100 100
95 98 98 99 100 100 100 100
80 B6 90 95 97 99 99 100
43 52 57 71 80 92 93 99
13 16 17 20 24 32 35 46
Crosfield Original
100 100 100 100 100 100 100 100
95 98 98 99 99 100 100 100
79 86 88 94 98 99 99 100
48 58 60 73 81 93 95 99
11 12 13 15 18 77 23 28
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH POSITIVE
OVEREXPOSURE
Exposure Manipulation Factor
1 1.25 1.5 2 3 4 6
Hell Original
PDI Original
6 8 8 9 9 10 11 12
26 28 28 29 32 33 37 39
49 53 54 55 60 62 68 72
74 77 78 79 B3 86 90 92
94 95 95 96 9B 98 99 99
8 9 10 11 11 12 14 15
25 26 27 28 31 33 36 39
51 54 55 57 61 65 71 76
76 78 79 81 B4 87 90 93
93 94 95 95 97 98 99 99
Crosfield Original
5 5 5 6 6 B 8 9
24 25 26 27 28 30 32 34
49 53 54 55 59 63 67 72
72 75 76 76 80 82 86 89
94 95 95 96 97 98 99 99
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION ~ LITH POSITIVE (continued)
OVEREXPOSURE
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
13 16 17 20 27 40 44 54
41 50 55 67 74 90 91 99
75 83 87 93 96 99 99 99
92 96 98 99 99 100 100 100
99 100 100 100 100 100 100 100
PDI Original
16 18 20 23 30 45 47 60
41 50 55 67 76 90 92 98
77 85 85 54 96 99 99 99
94 98 58 55 99 100 100 100
99 100 100 100 100 100 100 100
Crosfield Original
10 12 1? 15 19 75 27 33
37 45 48 59 70 84 85 95
74 82 87 93 96 95 45 99
91 95 97 99 99 100 100 100
99 100 100 100 100 100 100 100
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH NEGATIVE
4-MIL SPACER
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
92 94 94 96 97 98 98 99
74 77 78 81 85 B9 91 93
50 55 57 60 65 71 76 81
73 28 29 32 36 42 47 54
4 5 6 7 9 10 11 14
PDI Original
91 93 94 95 96 98 98 99
76 78 79 82 86 90 92 95
49 55 56 61 67 73 78 83
23 27 28 32 36 41 45 53
5 8 9 10 12 14 16 19
Crosfield Original
94 96 96 97 98 99 99 99
76 80 81 84 87 90 92 95
50 56 57 60 66 71 76 82
26 30 31 34 37 42 48 56
4 5 6 7 9 10 11 13
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH NEGATIVE (continued)
4-MIL SPACER
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
99 99 100 100 100 100 100 100
95 97 98 99 99 99 100 100
83 89 90 96 97 99 99 99
57 66 72 81 84 93 94 98
14 17 20 26 30 40 44 55
PDI Original
99 100 100 100 100 100 100 100
96 98 98 99 99 99 100 100
85 91 91 96 96 99 99 99
56 66 70 81 84 91 94 97
20 24 27 35 40 50 55 65
Crosfield Original
99 100 100 100 100 100 100 100
96 98 98 99 99 99 100 100
86 90 90 96 96 99 99 99
59 69 72 83 84 95 94 98
14 16 20 25 29 39 43 51
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH POSITIVE
4-MIL SPACER
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
5 7 7 8 11 13 14 17
23 26 28 31 34 40 45 51
46 51 52 57 63 68 74 80
72 76 77 81 84 88 91 93
93 95 95 96 98 98 99 99
PDI Original
8 8 9 11 13 16 18 22
23 25 26 31 34 38 44 51
47 53 54 59 66 71 77 82
73 78 79 83 86 90 92 95
91 93 94 96 97 98 99 99
Crosfield Original
3 5 5 6 7 9 10 12
21 24 24 28 31 35 39 45
46 50 51 56 61 68 72 79
70 73 74 7B 81 85 89 92
93 94 95 96 97 98 99 99
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH POSITIVE (continued)
4-MIL SPACER
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
18 23 26 35 36 48 56 65
55 65 68 79 82 90 93 97
82 88 90 95 95 98 99 99
95 97 97 99 99 99 100 100
99 100 100 100 100 100 100 100
PDI Original
23 28 32 41 45 58 62 72
56 65 70 81 82 89 92 97
85 90 92 96 96 99 99 99
97 99 98 99 99 99 100 100
99 100 100 100 100 100 100 100
Crosfield Original
13 16 19 23 28 40 41 47
48 58 64 75 77 87 90 94
82 88 89 94 95 98 99 99
94 98 97 99 99 99 100 100
99 100 100 100 100 100 100 100
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH NEGATIVE
THROUGH BASE
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
PDI Original
90 92 94 95 96 97 98 98
72 75 78 80 82 85 88 89
49 53 55 58 63 65 71 74
2^ 26 28 30 35 37 42 46
5 5 6 6 9 10 12 13
90 90 92 94 96 96 98 98
71 74 77 80 83 86 88 91
48 51 54 58 63 67 73 76
73 24 26 29 34 35 41 45
6 7 B 10 13 13 16 17
rosfield Original
90 93 95 97 98 98 99 99
73 77 79 82 85 87 90 97
50 57 55 59 63 66 72 74
77 28 29 33 37 38 44 47
4 5 5 7 8 9 11 12
233
TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH NEGATIVE (continued)
THROUGH BASE
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
99 99 99 99 99 99 100 100
91 93 94 96 97 98 99 99
77 82 85 89 92 94 96 97
50 57 65 71 73 83 87 90
14 16 70 23 30 36 42 46
PDI Original
98 55 99 99 99 99 100 100
52 94 95 96 97 98 99 99
78 83 86 88 92 94 96 96
48 57 63 69 75 82 86 86
19 21 25 28 35 44 51 55
rosfield Original
99 99 99 99 99 100 100 100
97 94 95 96 98 99 99 99
70 82 85 88 92 94 97 96
52 58 66 71 79 85 88 89
13 15 17 21 27 34 40 43
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH POSITIVE
THROUGH BASE
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
6 6 8 9 11 12 14 16
24 25 27 29 33 36 41 44
47 48 52 54 60 64 70 72
71 74 76 79 82 05 80 90
50 93 94 96 97 97 90 98
PDI Original
8 11 10 11 13 14 17 18
22 24 76 28 32 35 40 43
47 50 53 56 62 65 72 75
73 76 77 00 84 86 90 91
90 92 94 95 96 97 98 98
Crosfield Original
4 4 5 6 8 9 11 10
22 23 24 26 29 31 36 39
46 48 50 54 58 61 68 71
69 71 74 76 79 81 86 88
90 92 94 96 97 97 98 98
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION LITH POSITIVE (continued)
THROUGH BASE
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
18 20 25 30 37 49 54 58
49 56 64 68 77 82 86 89
75 81 85 87 92 93 95 96
91 93 95 96 98 98 99 99
99 99 99 99 99 99 100 100
PDI Original
20 24 28 35 42 52 58 61
48 55 61 69 77 80 86 88
79 83 87 90 93 95 96 97
92 94 95 97 98 98 99 99
99 99 99 99 99 99 100 100
Crosfield Original
12 14 17 20 25 33
40 45
42 50 57 65 70 77 82
86
76 80 84 88 91 92 96
96
89 92 93 95 96 97 98 99
99 99 99 99 99 99
100 100
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION ~ RAPID ACCESS NEGATIVE
OVEREXPOSURE
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
95 95 96 96 98 99 99 99
7B 79 80 81 84 86 92 95
55 56 57 58 62 65 70 75
28 29 30 31 33 35 38 41
6 6 6 6 8 0 ID 10
PDI Original
93 94 94 95 97 98 99 99
79 80 81 83 85 88 93 97
54 55 57 59 63 67 72 70
25 77 27 29 31 33 37 39
7 8 8 8 10 11 12 13
Crosfield Original
97 98 98 98 99 99 100 100
81 82 83 84 87 89 93 97
56 57 58 60 63 66 71 77
30 31 32 33 35 37 40 44
6 6 6 7 a 9 10 11
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS NEGATIVE
(continued)
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
100 100 100 100 100 100 100 100
99 100 100 100 100 100
99 100 100 100 100
B4 95 99 99 99
16 17 20 24 31
98 99
81 93 98
43 49 59
11 12 13
PDI Original
100 100 100 100 100 100 100 100
99 99 100 100 100 100 100 100
84 95 99 99 100 100 100 100
42 48 60 86 95 99 99 100
14 16 18 72 23 29 40 54
Crosfield Original
100 100 100 100 100 100 100 100
99 99 100 100 100 100 100 100
83 94 90 99 100 100 100 100
46 53 64 84 96 99 99 100
11 13 14 16 IB 21 24 28
238
TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS POSITIVE
OVEREXPOSURE
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
6 6 6 7 8 9 10 11
24 25 26 27 29 31 34 37
48 49 50 52 56 60 66 72
75 76 77 78 82 85 91 96
95 55 96 97 98 99 99 100
PDI Original
8 8 8 9 10 11 13 15
23 23 25 25 28 30 33 37
48 50 51 54 57 61 67 75
76 77 78 80 83 86 92 57
93 94 95 96 97 98 99 99
Crosfield Original
4 4 5 5 6 8 10 12
27 23 73 25 27 30 34 38
50 51 52 55 59 64 71 79
74 75 76 78 81 84 92 97
96 96 97 98 98 99 99 100
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS POSITIVE
(continued)
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
13 15 17 25 42 64 89 96
39 50 65 91 98 99 100 100
Bl 95 99 99 100 100 100 100
98 99 100 100 100 100 100 100
100 100 100 100 100 100 100 100
PDI Original
16 18 21 27 37 60 83 93
40 49 64 88 97 99 99 100
83 95 99 99 100 100 100 100
99 99 100 100 100 100 100 100
100 100 100 100 100 100 100 100
Crosfield Original
14 14 79 48 68 92 98 99
43 50 79 97 99 99 100 100
89 95 99 99 100 100 100 100
99 99 100 100 100 100 100 100
100 100 100 100 100 100 100 100
240
TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS NEGATIVE
4-MIL SPACER
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
94 95 96 97 99 99 100 100
77 78 80 82 08 92 98 99
53 56 58 60 67 71 87 92
26 28 29 31 35 38 43 52
5 5 6 6 8 9 11 12
PDI Original
93 55 96 97 99 99 100 100
7B 81 83 B5 91 94 99 99
53 57 60 62 70 74 86 94
25 27 20 29 35 37 43 50
6 8 6 9 17 13 15 16
Crosfield Original
96 97 98 99 99 100 100
100
BO B7 84 05 91 r:)5 99
99
54 57 59 60 67 72 84
94
28 30 32 33 37 40 46 55
4 5 6 6 a 9 11 11
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS NEGATIVE
4-MIL SPACER (continued)
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
100 100 100 100 100 100 100 100
99 100 100 100 100 100 100 100
98 99 100 100 100 100 100 100
61 81 94 99 99 100 100 100
13 16 19 29 36 59 76 90
PDI Original
100 100 100 100 100 100 100 100
99 100 100 100 100 100 100 100
98 99 100 100 100 100 100 100
57 76 92 99 99 100 100 100
18 21 25 39 48 76 91 96
Crosfield Original
100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
98 99 100 100 100 100 100 100
67 87 96 99 99 100 100 100
13 15 18 27 34 56 75 84
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS POSITIVE
4-MIL SPACER
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
5 6 6 6 8 9 10 12
23 24 25 26 29 31 35 41
46 49 50 52 58 63 74 88
75 77 7B 79 86 91 98 99
95 96 97 97 99 99 100 100
PDI Original
6 7 B 8 10 11 13 15
21 72 23 25 28 30 34 42
47 50 52 54 61 65 75 90
76 78 80 81 87 93 98 95
93 95 96 57 99 95 100 100
Crosfield Original
3 3 3 4 6 7 8 10
20 22 23 74 27 20 33 43
48 51 52 54 61 67 79 93
73 75 77 77 84 90 98 99
55 97 97 98 99 99 100 100
243
TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS POSITIVE
4-MIL SPACER (continued)
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
50 83 97 99
99 100 100 100
99 100 100 100 100 100
99 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
13 16 20 32
46 66 8B 99
95 99
PDI Original
16 20 25 39
47 66 88 99
96 99 99 100
57 88 98 99
99 100 100 100
100 100 100 100
99 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
Crosfield Original
12 17 27 56 78 96 99 99
50 75 92 99 99 100 100 100
97 99 100 100 100 100 100 100
99 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION - RAPID ACCESS NEGATIVE
THROUGH BASE
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
94 95 96 96 98 99 99 100
76 7? 79 81 85 88 94 98
53 57 57 60 63 67 74 82
26 29 29 31 35 37 41 46
5 7 7 8 10 10 10 12
PDI Original
92 95 95 96 98 99 99 100
78 81 81 84 07 91 96 99
53 57 57 61 66 70 77 85
25 28 28 30 34 36 40 44
6 9 9 10 12 13 14 16
Crosfield Original
96 97 97 98 99 99 100 100
79 82 82 84 87 91 97 99
54 58 58 60 64 68 75 04
28 31 32 33 37 39 42 47
6 7 7 8 9 10 10 12
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS NEGATIVE
THROUGH BASE (continued)
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
100 100 100 100 100 100 100 100
99 99 100 100 100 100 100 100
50 98 99 100 100 100 100 100
51 65 80 95 98 99 99 99
13 15 17 22 26 47 59 70
PDI Original
100 100 100 100 100 100 100 100
100 100 100 100 100 100 100
99 100 100 100 100
93 98 99 99 99
27 33 57 75 85
Crosfield Original
100 100 100 100 100 100 100 100
95
92 98 99
48 60 75
17 19 22
99 100 100 100 100 100 100 100
91 98 99 100 100 100 100 100
53 70 84 97 99 99 100 100
13 14 16 20 25 43 56 68
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS POSITIVE
THROUGH BASE
Exposure Manipulation Factors
1 1.25 1.5 2 3 4 6
Hell Original
6 7 B 9 10 11 12 13
25 26 26 28 31 33 37 40
48 50 51 54 58 63 74 84
75 77 78 80 65 90 96 99
95 95 96 97 99 99 99 100
PDI Original
8 6 9 10 13 14 15 16
23 24 25 28 31 33 37 41
49 52 53 56 61 67 7B 86
76 79 BO 82 86 91 97 99
94 95 96 97 99 99 99 100
Crosfield Original
5 5 5 8 8 9 10 11
23 23 25 77 29 31 36 41
50 52 53 56 61 67 80 90
74 76 76 79 B3 80 96 99
96 96 97 98 99 99 100 100
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TABLE 13 (continued)
EFFECTS OF EXPOSURE MANIPULATION RAPID ACCESS POSITIVE
THROUGH BASE (continued)
Exposure Manipulation Factors
10 15 20 30 40 60 80 100
Hell Original
14 17 22 35 54 84 93 97
46 65 84 97 99 99 100 100
91 98 99 100 100 100 100 100
99 100 10D 100 100 100 100 100
100 100 100 100 100 100 100 100
PDI Original
58 86 95 98
99 100 100 100
99 100 100 100 100 100
99 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
17 22 27 40
48 67 84 97
93 55
Crosfield Original
13 20 31 60 82 97 99 99
51 76 90 99 99 100 100 100
96 99 99 100 100 100 100 100
99 100 100 10D 100 100 100 100
100 100 100 100 100 100 100 100
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TABLE 14
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE -- LITH NEGATIVE
Exposure Manipulation Factors
0. T. 1 1.25 1.5 2 3 4 6
Hell Or iginal
6 94 0 1 1 2 4 4 5 5
25 75 1 4 4 7 10 12 15 17
49 51 2 6 7 9 13 15 20 24
75 25 2 4 6 7 9 11 14 17
95 5 0 0 1 2 3 3 4 5
PDI Original
8 92 0 1 2 3 5 6 7 7
23 77 0 3 4 6 9 11 15 18
49 51 2 5 7 9 14 17 23 27
75 25 1 2 4 4 7 9 12 15
93 7 0 0 1 2 3 4 5 6
Crosf ie Id Ori ginal
3 97 0 0 1 1 2 2 3 3
22 78 1 3 4 7 9 11 14 15
49 51 3 6 7 11 14 16 71 75
73 77 2 4 5 7 10 12 15 18
95 5 0 0 1 2 3 3 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH NEGATIVE
(continued)
Exposure Manipulation Factors
. T. 10 15 20 30 40 60 80 100
Hell Original
6 94 5 6 6 6 6 6 6 6
25 75 19 22 23 24 24 25 25 25
49 51 27 34 37 42 46 48 48 49
75 25 19 27 31 42 53 65 69 74
95 5 5 7 7 9 11 17 17 24
PDI Original
8 92 7 8 8 8 0 8 8 8
23 77 18 21 21 22 23 23 23 23
49 51 29 35 39 44 46 48 48 49
75 25 IB 27 32 46 55 67 60 74
93 7 6 9 10 13 17 25 26 39
Crosf ie Id Orig inal
3 97 3 3 3 3 3 3 3 3
22 70 17 20 20 21 21 22 22 22
49 51 28 35 37 43 47 48 48 49
73 27 21 31 33 46 54 66 68 72
95 5 6 7 8 10 13 17 18 23
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH POSITIVE
Exposure Manipulation Factors
0. 1 1.25 1.5 2 3 4 6
Hell Original
6 0 2 2 3 3 4 5 6
25 1 3 3 4 7 8 12 14
49 0 4 5 6 11 13 19 23
75 -1 2 3 4 8 11 15 17
95 -1 0 0 1 3 3 4 4
PDI Original
8
23
49
75
93
Crosfield Original
3 2
22 2
49 0
73 -1
95 -1
0 1 2 3 3 4 6 7
2 3 4 5 B 10 13 16
2 5 6 8 12 16 22 27
1 3 4 6 9 12 15 18
0 1 2 2 4 5 6 6
2 2 3 3 5 5 6
3 4 5 6 8 10 12
4 5 6 10 14 18 23
2 3 3 7 9 13 16
0 0 1 2 3 4 4
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH POSITIVE
(continued)
Exposure Manipulation Factors
0. 10 15 20 30 40 60 80 100
Hell Original
6 7 10 11 14 21 34 38 48
25 16 25 30 42 49 65 66 74
49 26 34 38 44 47 50 50 50
75 17 21 23 24 24 25 25 25
95 4 5 5 5 5 5 5 5
PDI Original
8
23
49
75
93
8 10 12 15 22 37 39 52
18 27 32 44 53 67 69 75
28 36 40 45 47 50 50 50
19 23 23 24 24 25 25 25
6 7 7 7 7 7 7 7
Crosfield Or:Lginal
3 7 9 9 12 16 22 24 30
22 15 23 26 37 48 62 67 73
49 25 33 38 44 47 50 50 50
73 18 22 24 26 26 27 27 27
95 4 5 5 5 5 5 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH NEGATIVE
4-MIL SPACER
Exposure Manipulation Factors
- T- 1 1.25 1.5 2 3 4 6
Hell Or iginal
6 94 -2 0 0 2 3 4 4 5
25 75 -1 2 3 7 11 15 17 19
49 51 -1 4 6 9 14 20 25 30
75 25 -2 3 4 7 11 17 22 29
95 5 -1 0 1 2 4 5 6 9
PDI Ori ginal
8 92 -1 1 2 3 4 6 6 7
23 77 -1 1 2 5 9 13 15 18
49 51 -2 4 5 10 16 22 27 32
75 25 -2 2 3 7 11 16 20 28
93 7 -2 1 2 3 5 7 9 12
Crosf ie Id OriQinal
3 97 -3 -1 -1 0 1 2 2 2
22 78 -2 2 3 6 9 12 14 17
49 51 -1 5 6 9 15 20 25 31
73 27 -1 3 4 7 10 15 21 29
95 5 -1 0 1 2 4 5 6 8
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH NEGATIVE
4-MIL SPACER (continued)
Exposure Manipulation Factors
T- 10 15 20 30 40 60 80 100
Hell Or iginal
6 94 5 5 6 6 6 6 6 6
25 75 20 22 23 24 24 24 25 25
49 51 32 38 39 45 46 48 48 48
75 25 32 41 47 56 59 68 69 73
95 5 9 12 15 21 25 35 39 50
PDI Ori ginal
8 92 7 8 8 8 8 8 8 8
23 77 19 21 21 22 22 22 23 23
49 51 34 40 40 45 45 48 48 48
75 25 31 41 45 56 59 66 69 72
93 7 13 17 20 28 33 43 48 58
Crosf ie Id Orig ina 1
3 97 2 3 3 3 3 3 3 3
22 78 18 20 20 71 21 21 72 22
49 51 35 39 39 45 45 48 48 48
73 27 32 42 45 56 57 68 67 71
95 5 9 11 15 20 24 34 38 46
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH POSITIVE
4-MIL SPACER
Exposure Manipulation Factors
0. 1 1.25 1.5 2 3 4 6
Hell Original
6 -1 1 1 2 5 7 8 11
25 -2 1 3 6 9 15 20 26
49 -3 2 3 6 14 19 25 31
75 -3 1 2 6 9 13 16 18
95 -2 0 0 1 3 3 4 4
PDI Original
8
23
49
75
93
Crosfield Original
3 0
22 -1
49 -3
73 -3
95 -2
0 0 1 3 5 8 10 14
0 2 3 8 11 15 21 28
-2 4 5 10 17 22 28 33
-2 3 4 8 11 15 17 20
-2 0 1 3 4 5 6 6
2 2 3 4 6 7 9
2 2 4 9 13 17 23
1 2 7 12 19 23 30
0 1 5 8 12 14 17
-1 0 1 2 3 4 4
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DOE TO OVEREXPOSURE LITH POSITIVE
4-MIL SPACER (continued)
Exposure Manipulation Factors
0. 10 15 20 30 40 60 BO 100
Hell Original
6 12 17 20 29 30 42 50 59
25 30 40 43 54 57 65 68 72
49 33 39 41 46 46 49 50 50
75 20 72 22 24 24 24 25 25
95 4 5 5 5 5 5 5 5
PDI Original
8
73
49
75
93
15 20 24 33 37 50 54 64
33 42 47 58 59 67 70 75
36 41 43 47 47 50 50 50
22 24 23 24 24 24 25 25
6 7 7 7 7 7 7 7
Crosfield Orig ina 1
3 10 13 16 20 25 37 38
44
22 26 36 42 53 55 65 68 72
49 33 39 40 45 46 49
50 50
73 21 25 74 26 26
26 27 77
95 4 5 5 5 5
5 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH NEGATIVE
THROUGH BASE
Exposure Manipulation Factors
0. T. 1 1.25 1.5 2 3 4 6 8
Hell Or iginal
6 94 -4 -2 0 1 2 3 4 4
25 75 -3 0 3 5 7 10 13 14
49 51 -2 2 4 7 12 14 20 23
75 25 -1 1 3 5 10 12 17 21
95 5 0 0 1 1 4 5 7 8
PDI Original
8 92 -2 -2 0 2 4 4 6 6
23 77 -6 -3 0 3 6 9 11 15
49 51 -3 0 3 7 12 16 22 25
75 25 -2 -1 1 4 9 10 16 20
93 7 -1 0 1 3 6 6 9 10
Crosfie Id Ori.gina1
3 97 -7 -4 -2 0 1 1 2 2
22 7B -5 -1 1 4 7 9 12 14
49 51 -1 1 4 8 12 15 21 23
73 27 0 1 2 6 10 11 17
20
95 5 -1 0 0 2 3
4 6 7
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH NEGATIVE
THROUGH BASE (continued)
Exposure Manipulation Factors
0. T. 10 15 20 30 40 60 80 100
Hell Original
6 94 5 5 5 5 5 5 6 6
25 75 16 18 19 21 22 23 24 24
49 51 26 31 34 38 41 43 45 46
75 25 25 32 40 46 4B 58 62 65
95 5 9 11 15 18 25 31 37 41
PDI Original
8 92 6 7 7 7 7 7 8 8
23 77 15 17 18 19 20 21 22 22
49 51 27 32 35 37 41 43 45 45
75 25 23 32 38 44 50 57 61 61
93 7 12 14 IB 21 2B 37
44 48
Crosfie Id Original
3 97 2 2 2 2
2 3 3 3
22 76 14 16 17
18 70 21 21 21
49 51 27 31 34
37 41 43 46 45
73 27 25 31 39
44 52 59 61 62
95 5 8 10 12
16 22 29 35 38
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH POSITIVE
THROUGH BASE
Exposure Manipulation Factors
0. 1 1.25 1.5 2 3 4 6 8
Hell Original
6 0 0 2 3 5 6 8 10
25 -1 0 2 4 8 11 16 19
49 -2 -1 3 5 11 15 21 23
75 -4 -1 1 4 7 10 13 15
95 -5 -2 -1 1 2 2 3 3
PDI Original
8
23
49
75
93
0 3 2 3 5 6 9 10
-1 1 3 5 9 12 17 20
-2 1 4 7 13 16 23 26
-2 1 2 5 9 11 15 16
-3 -1 1 2 3 4 5 5
Crosfield Orig inal
3 1 1 2 3 5 6 8 7
22 0 1 2 4 7 9 14 17
49 -3 -1 1 5 9 12 19 22
73 -4 -2 1 3 6 8 17 14
95 -5 -3 -1 1 2 2 3 3
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE LITH POSITIVE
THROUGH BASE (continued)
Exposure Manipulation Factors
0. 10 15 20 30 40 60 80 100
Hell Original
6 12 14 19 24 31 43 48 52
25 24 31 39 43 52 57 61 64
49 26 32 36 38 43 44 46 47
75 16 18 20 21 23 23 24 24
95 4 4 4 4 4 4 5 5
PDI Original
0
23
49
75
93
12 16 20 27 34 44 50 53
25 32 30 46 54 57 63 65
30 34 38 41 44 46 47 48
17 19 20 22 23 23 24 24
6 6 6 6 6 6 7 7
Crosfield Orig ina 1
3 9 11 14 17 22 30 37 42
22 20 28 35 43 48 55
60 64
49 27 31 35 39 42 43 47 47
73 16 19 70 72 23
24 75 76
95 4 4 4 4
4 4 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS NEGATIVE
Exposure Manipulation Factors
0. T. 1 1.25 1.5 2 3 4 6 8
Hell OiIginal
6 94 1 1 2 2 4 5 5 5
25 75 3 4 5 6 9 11 17 20
49 51 4 5 6 7 11 14 19 24
75 25 3 4 5 6 3 11 14 17
95 5 1 1 1 1 3 3 5 5
PDI Original
e 92 1 2 2 3 5 6 7 7
23 77 2 3 4 6 8 11 16 20
49 51 3 4 6 8 12 16 21 27
75 25 0 2 2 4 6 8 12 14
53 7 0 1 1 1 3 4 5 6
Crosfie Id Original
3 97 0 1 1 1 2 2 3 3
22 78 3 4 5 6 9 11 15 19
49 51 5 6 7 9 12 15 20 26
73 27 3 4 5 6 8 10 13 17
95 5 1 1 1 2 3 4 5 6
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS NEGATIVE
(continued)
Exposure Manipulation Factors
0. T. 10 15 20 30 40 60 80 100
Hell Or:Lginal
6 94 6 6 6 6 6 6 6 6
25 75 23 24 24 25 25 25 25 25
49 51 30 42 47 48 49 49 49 49
75 25 18 24 34 59 71 74 74 74
95 5 6 7 8 11 12 15 19 26
PDI Original
8 92
23 77
49 51
75 25
93 7
8 8 8 8 6 8 8 8
22 22 23 23 23 23 23 23
33 44 48 48 49 49 49 49
17 23 35 61 70 74 74 75
7 9 11 15 16 22 33 47
Crosfie Id Orig ina 1
3 97 3 3 3 3
3 3 3 3
22 78 71 71 22
22 22 22 22 22
49 51 32 43 47
48 49 49 49 49
73 77 19 26
37 57 69 72 72 73
9 5 5 6 8 9
11 13 16 19 23
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TABLE 14 (continued)
MET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS POSITIVE
Exposure Manipulation Factors
0. 1 1 .25 1 .5 2 3 4 6 8
Hell Original
6 0 0 0 1 2 3 4 5
25 -1 0 1 2 4 6 9 12
49 -1 0 1 3 7 11 17 23
75 0 1 2 3 7 10 16 21
95 0 0 1 2 3 4 4 5
PDI Original
8
23
49
75
93
0 0 0 1 2 3 5 7
0 0 2 2 5 7 10 14
-1 1 2 5 8 12 18 26
1 2 3 5 8 11 17 22
0 1 2 3 4 5 6 6
Crosfield Oriainal
3 1 1 2 2 3 5 7
9
22 0 1 1 3 5 8 12 16
49 1 2 3 6 10 15 22 30
73 1 2 3 5 8 11
19 24
95 1 1 2 3 3
4 4 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS POSITIVE
(continued)
Exposure Manipulation Factors
0. 10 15 20 30 40 60 80 100
Hell Original
6 7 9 11 19 36 58 83 88
25 14 25 40 66 73 74 75 75
49 32 46 50 50 51 51 51 51
75 2 3 24 25 25 25 25 25 25
95 5 5 5 5 5 5 5 5
PDI Original
8
23
49
75
9 3
Crosfield Original
3 H
22 21
49 40
73 26
95 5
8 10 13 19 29 52 75 85
17 26 41 65 74 76 76 77
34 45 50 50 51 51 51 51
24 24 25 25 25 25 25 25
7 7 7 7 7 7 7 7
11 26 45 65 89 95 96
70 59 75 77 77 78 78
46 50 50 51 51 51 51
26 77 77 77 77 27 27
5 5 5 5 5 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS NEGATIVE
4-MIL SPACER
Exposure Manipulation Factors
0. T. 1 1.25 1.5 2 3 4 6 8
Hell Original
6 94
25 75
49 51
75 25
95 5
0 1 2 3 5 5 6 6
2 3 5 7 13 17 23 24
2 5 7 9 16 20 31 41
1 3 4 6 10 13 18 27
0 0 1 1 3 4 6 7
PDI Original
B 92 1 3 4 5 7 7 8 0
23 77 1 4 6 B 14 17 22 22
49 51 2 6 9 11 19 23 35 43
75 75 0 2 3 4 10 12 18 25
93 7 -1 1 1 2 5
6 0 9
Crosfie Id Or:Lginal
3 97 -1 0 1 2
2 3 3 3
22 78 2 4 6
7 13 17 21 21
49 51 3 6 B
9 16 21 33 43
73 27 1 3
5 6 10 13 19 2B
95 5 -1 0 1
1 3 4 6 6
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS NEGATIVE
4-MIL SPACER (continued)
Exposure Manipulation Factors
0. T. 10 15 20 30 40 60 BO 100
Hell Original
6 94 6 6 6 6 6 6 6 6
25 75 24 25 25 25 25 25 25 25
49 51 47 48 49 49 49 49 49 49
75 25 36 56 69 74 74 75 75 75
95 5 8 11 14 24 31 54 71 85
PDI Original
e 92 8 8 0 8 8 8 8 B
23 77 72 23 23 23 73 23 23 23
49 51 47 48 45 49 49 49 49 49
75 25 37 51 67 74 74
75 75 75
93 7 11 14 18 32
41 69 84 89
Crosfie Id Ori ginal
3 97 3 3 3
3 3 3 3 3
22 7B 22 22
22 22 22 77 22 22
49 51 47 48
49 49 49 49 49 49
73 27 40 60
69 72 73 73 73 73
95 5 8 10
13 72 29 51 70 79
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE -- RAPID ACCESS POSITIVE
4-MIL SPACER
PDI Original
B
23
49
75
93
Exposure Manipulation Factors
0. 1 1.25 1 .5 2 3 4 6 a
Hell Original
6 -1 0 0 0 2 3 4 6
25 -2 -1 0 1 4 6 10 16
49 -3 0 1 3 9 14 25 39
75 0 2 3 4 11 16 23 24
95 0 1 2 2 4 4 5 5
-2 -1 0 0 2 3 5 7
-2 -1 0 2 5 7 11 19
-2 1 3 5 12 16 26 41
1 3 5 6 12 18 23 24
0 2 3 4 6 6 7 7
Crosfield Original
3 0 0 LI 1
3 4 5 7
22 -2 0 1
2 5 6 11 71
49 -1 7 3
5 12 10 30 44
73 0 2 4
4 11 17 25 26
95 0 7 2
3 4 4 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS POSITIVE
4-MIL SPACER (continued)
Exposure Manipulation Factors
0. 10 15 20 30 40 60 80 100
Hell Original
6
25
49
75
55
PDI Original
8
23
49
75
93
Crosfield Original
3 9
22 28
49 48
73 26
95 5
7 10 14 26 44 77 91 93
21 41 63 74 74 75 75 75
46 50 50 51 51 51 51 51
24 25 25 25 25 25 25 25
5 5 5 5 5 5 5 5
8 12 17 31 49 BO 90 91
74 43 65 76 76 77 77 77
47 50 50 51 51 51 51 51
74 25 25 25 25 25 25 75
7 7 7 7 7 7 7 7
14 24 53 75 93 96 96
53 70 77 77 78 78 78
50 51 51 51 51 51 51
27 27 27 27 27 27 27
5 5 5 5 5 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS NEGATIVE
THROUGH BASE
Exposure Manipulation Factors
0. T. 1 1.25 1.5 2 3 4 6 8
Hell Or iginal
6 94 0 1 2 2 4 5 5 6
25 75 1 4 4 6 10 13 19 23
49 51 2 6 6 9 12 16 23 31
75 25 1 4 4 6 10 12 16 21
95 5 0 2 2 3 5 5 5 7
PDI Original
8 92 0 3 3 4 6 7 7 8
23 77 1 4 4 7 10 14 19 22
49 51 2 6 6 10 15 19 26 34
75 25 0 3 3 5 9 11 15
19
93 7 -1 2 2 3 5 6
7 9
Crosfie Id Original
3 97 -1 0
0 1 2 2 3 3
22 78 1 4
4 6 9 13 19 21
45 51 3 4
4 9 13 17 24 33
73 27 1 4
5 6 10 12 15 20
95 5 1 2 2
3 4 5 5 7
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS NEGATIVE
THROUGH BASE (continued)
Exposure Manipulation Factors
0. T. 10 15 20 30 40 60 80 100
Hell Or:Lginal
6 94 6 6 6 6 6 6 6 6
25 75 24 24 25 25 25 25 25 25
49 51 39 47 48 49 49 49 45 49
75 25 26 40 55 70 73 74 74 74
95 5 8 10 12 17 21 42 54 65
PDI Original
8 92 B 6 8 3 0 6 Q 0
23 77 22 23 23 23 23 23 23 23
45 51 41 47 48 48 45 45 49 45
75 25 23 35 50 68 73 74
74 74
53 7 10 12 15 20 26
50 60 70
Crosfie Id Ori ginal
3 97 3 3 3
3 3 3 3 3
7? 70 21 72 72
2? 77 27 22 72
4 9 51 40 47
48 49 49 49 49 49
73 77 76 43
57 70 72 72 73 73
95 5 8 9 11
15 20 38 51 63
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE ~ RAPID ACCESS POSITIVE
THROUGH BASE
Exposure Manipulation Factors
0. 1 1.25 1.5 2 3 4 6 8
Hell Original
6 0 1 2 3 4 5 6 7
25 0 1 1 3 6 a 12 15
49 -1 1 2 5 9 14 25 35
75 0 2 3 5 10 15 21 24
95 0 0 1 2 4 4 4 5
PDI Original
8
23
49
75
93
Crosfield Original
3 2
22 1
49 1
73 1
95 1
0 0 1 2 5 6 7 B
0 1 2 5 8 10 14 18
0 3 4 7 12 18 29 37
1 4 5 7 11 16 22 24
1 2 3 4 6 6 6 7
7 2 5 5 6 7 8
1 3 5 7 9 14 19
3 4 7 12 10 31 41
3 3 6 10 15 23 26
1 2 3 4 4 5 5
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TABLE 14 (continued)
NET DOT-SIZE CHANGE DUE TO OVEREXPOSURE RAPID ACCESS POSITIVE
THROUGH BASE (continued)
Exposure Manipulation Factors
0. 10 15 20 30 40 60 80 100
Hell Original
6 8 11 16 29 48 78 87 91
75 21 40 59 72 74 74 75 75
49 42 49 50 51 51 51 51 51
75 24 25 25 25 25 25 25 25
95 5 5 5 5 5 5 5 5
PDI Original
8
23
45
75
53
9 14 19 32 50 68 87 90
25 44 61 74 76 77 77 77
44 50 50 51 51 51 51 51
24 75 25 25 25 75 25 75
7 7 7 7 7 7 7 7
Crosfield Ori.gina1
3 10 17 70 57 79 94 96 96
22 29 54 68 77 77 78 78 78
49 47 50 50 51 51 51 51 51
73 76 77 27 27 27 27 27 27
95 5 5 5 5 5 5 5 5
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APPENDIX II
MICROPHOTOGRAPHS OF TEST FILMS
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Figure 18
Microphotographs of the Test Films Lith Film
Hell, Pos.
95% 50%
PDI, Pos.
5% 95% 50%
5%
Crosfield, Pos.
95% 50% 5%
Lith
Hell, Neg.
95%
50% 5%
PDI, Meg.
95% 50%
^tM9
Crosfield, Neg
5% 95% 50%
5%
? ?
Rapier Access
Hell, Neg.
95%
PDI, Neg.
1
50% 5% 95%
# ^ ^ L
50%
Crosfield, Neg.
5% 95%
50% 5%
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Figure 18 (continued)
Mic:rophotographs of the Test Films Lith Film
".J ' 'J ? 4 ? 'I
Over-exposure
Hell, Neg.
95% lx
1 ,25x 1.5x 2x
? ?
3x
? # ?I. ;} i:
<*X 6x 8x lOx 15x
> ^
20x 3Ox 40x 60x 8Ox
TOHJ^
lOOx
Hell, Neg.
50% ~ lx
over-exposure
1.25x 1.5x 2x
3x Ux 6x ax lOx
15x 20x
3Ox 40x
Hell, Neo.
5% -- lx
over-exposure
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
Hell, Neg.
5% 1.25x
over-exposure
1.5x 2x 3x 4x
6x 8x
PDI, Neg.
95% -- lx
over-exposure
1.25x 1.5x
? ? I ? r-i::i # # <
2x 3x kx
6x 8x
? !::!::*;
10x 15x
20x 3Ox 4Ux
+
60x
POI, Neg.
50% lx
over-exposure
1.25x 1.5x 2x
1.25x
Sx
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
1.5x 2x 3x Ux
8x
Crosfield, Neg.
95% lx
over-exposure
1.25x 1.5x
2x 3x
Ux
> +
Sx 8x
f + * 1
10x I5x
20x 30x 40x
>*J.~.tt*1
eox 80x
Crosfield, Neg.
100x 50% -- lx
over-exposure
1.25x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
????>?*>?*'
+
Crosfield, Neg.
50% -- 1.5x 2x
over-exposure
3x
8x lOx 15x
<*0x
Crosfield, Neg.
5% lx
over-exposure
1.25x
2x 3x Ux
Ux
20x
1.5x
6x
bx
30x
-5
2x
3x Ux
Hell, Pos.
95% lx
over-exposure
1.25x 1.5x
8x
"li!9[Z!
Hell, PoS'
50% lx
over-exposure
1.25x 1.5x 2x 3x
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Figure 18 (continued)
Microphotographs of the Test Films _. Lith Filn
HEZS'ffttJff!
Hell, Pos.
50% Ux
over-exposure
6x 8x lOx 15x
IftIMtf \ 4
20x 30x 40x
i \ * I
Hell, Pos.
5% lx
over-exposure
1.25x
1.5x 2x 3x Ux 6x
i| h + +>
8x
- %
lOx 15x 20x 30x
trimi
UQx 60x 80x lOOx
PDI, Pos.
95% lx
over-exposure
1.25x 1.5x
2x 3x Ux
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
PDI, Pos. PDI, Pos.
95% 6x 50% lx
over-exposure over-exposure
1.25x 1.5x 2x
3x
15x
1.5x
Ux Sx 8x lOx
\::
ZOx 3Ox
f
a
I
PDI, Pos.
5% lx
over-exposure
1.25x
4
2x 3x Ux 6x
t::l!!L-:
8x
<+0x
'.Ox 15x 20x 30x
p:j
60x box 100x
Crosfield, Pos.
95% lx
over-exposurff
2B0
Figure 18 (continued)
Microphotographs of the Test Films Lith Film
Crosfield, Pos.
95% 1.25x
over-exposure
1.5x 2x 3x Ux
???*?<
Crosfield, Pos.
6x 50% lx
over-exposure
1.25x 1.5x 2x
3x 4x 6x 8x lOx
15x 20x 30x
40x
.?
Crosfield, Pos.
5% lx
over-exposure
f
1.25x 1.5x
2x 3x Ux
\ J.\l
6x 8x
lOx 15x 20x
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Figure 18 (contintled)
Microphotographs of the Test Films Lith Film
w " * ^1 ' W ^ 1 ^
' J> > * I * ]*1
Crosfield, Pos.
m -^
5% 30x
over-exposure
'?Ox 60x 80x 100x
... # L
~ . 1 1 1 . i
Hell, Neg.
95% lx
4-mil spacer
1.25x 1.5x 2x 3x
r. t : i
Ux 6x 8x lOx
'*.\ }
15x 2Ox 3Ox 40x 60x
fe'lfHmiX
BOx
Hell, Neg.
lOOx 50% lx
4-mil spacer
1.25x 1.5x
2x 3x Ux 6x Bx
2B2
Figure IB (continued)
Microphotographs of the Test Films Lith Film
? t
Hell, Neg.
50% 10x
4-mil spacer
m
15x
r.M
m
Hell, Neg.
5% lx
4-mil spacer
20x 30x
1.25x 1.5x 2x 3x 4x
6x
% ?
PDI, Neg.
95% lx
4-mil spacer
#
1.25x 1.5x 2x
# r. ? 4 <
A
3x Ux 6x 8x lOx
:i?!<**t::i::
15x 2Ox- 30x 40x 60x
is^Htttmx:
BOx
PDI, Neg.
lOOx 50% lx
4-mil spacer
1.25x 1.5x
2B3
Figure 18 (continued)
Microphotographs of the Test Films Lith Film
nut
PDI, Neg.
50% 2x
4-mil spacer
3*
? ??<????
3x 4x 6x 8x
?
???
lOx 15x 20x
^h ^k ^m i^^^H
*"??
rV#
30x
POI, Neg.
5% lx
4-mil spacer
1.25x 1.5x 2x 3x 4x
1
6x 8x
Crosfield, Neg.
95% lx
4-mil spacer
\\\Y.
2x 3x 4x bx
1 I
]
1.5x
Bx
lOx 15x 2Ox 30x 40x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
> *VH KWS3
Crosfield, Neg.
95% 60x 80x
4-mil spacer
I
Crosfield, Neg.
lOOx 50% lx 1.25x
4-mil spacer
>?????
1.5x 2x 3x
Bx lOx 15x
?
t0x
Crosfield, Neg.
5% lx
tV-mil spacer
1.25x
3x Ux
bx
1.25> 1.5x
2x
4x 6x
20x 30x
1.5x 2x
8x
Hall, Pos.
95% lx
4-mil spacer
3x 4x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
>$<
Hell, Pos.
95% 6x
4-mil spacer
Bx lOx
Hell, Pos.
50% lx
4-mil spacer
1.25x
i**ttssszz
1.5x 2x 3x 4x Sx
tfizzttt* ? 4
Bx lOx 15x 20x 30x
^ < I 4
40x
Hell, Pos.
5% lx
4-mil spacer
1.25x 1.5x 2x
;^::h
3x Ux 6x 8x lOx
I i;
15x 20x 30x 4Ox 60x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
>
Hell, Pos.
5% 80x
4-mil spacer
2x
PDI, Pos.
lOOx 95% lx
4-mil spacer
3x 4x
1.25x
6x
1.5x
8x
PDI, Pos.
50% lx
4-mil spacer
Ux
20x
1.25x
6x
30x
in \
1.5x
8x
2x
40x
lOx
PDI, Pos.
5% lx
4-mil spacer
3x
15x
1.25x
i
1.5x 2x
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1
Figure 18 (continued)
Microphotographs of the Test Films -- Lith Film
h!!l::i:
POI, Pos.
5% 3x
4-mil spacer
Ux 6x Bx lOx
4 4m # V.
15x 2Ox 30x 40x 60x
lit
BOx
1
lOOx
Crosfield, Pos.
95% lx
4-mil spacer
1.25x 1.5x
2x 3x 4x 6x 8x
??f#fWH
Crosfield, Pos.
50% -- lx
4-mil spacer
1.25x 1.5x 2x 3x
Ux 6x Bx lOx 15x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
? *k
Crosfield, Pos.
50% 20x
4-mil spacer
I:
30x 40x
Crosfield, Pos.
5% lx 1.25x
4-mil spacer
i::i:-|.
1.5x 2x 3x Ux 6x
.>.!:
Bx lOx 15x 20x
40x
3Ox
60x aox
Hell, Neg.
lOOx 95% _. ix
through base
1.25x 1.5x 2x
3x Ux
1 ! :i : :c : ;
6x Bx
lOx 15x 20x
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Figure 18 (continued)
Microphotographs of the Test Films . Lith Film
::hH";:3!!
Hell, Neg.
95% 30x
through base
40x 60x 8Ox lOOx
Iiftt4*W+Htt-
Hell, Neg.
50% lx
through base
1.25x 1.5x 2x 3x
?< ? ?<
4x 6x 8x lOx 15x
# ? t # ?
20x 30x 40x 6Ox
Hell, Neg.
5% lx
through base
1.25x 1.5x 2x 3x
6x Bx lOx 15x
4x
PDI, Neg.
95% - ix
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PDI, Neg,
95% 1.25x
through base
Figure 18 (continued)
Microphotographs of the Test Films Lith Film
J::l::j::r.
1.5x 2x 3x Ux
H t r 1- - tl -
6x 8x lOx 15x 20x
i::^?i::t-
30x 40x 60x BOx lOOx
PDI, Neg.
50% lx
through base
1.25x 1.5x 2x 3x
4x 6x Bx lOx 15x
2Ox 3Ox 40x 60x
PDI, Neg.
5% lx
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Sx
1.5x
Figure 18 (continued)
Microphotographs of the Test Films Lith Film
8x
2x
lOx
Crosfield, Neg.
95% lx
through base
1.25x
3x Ux Gx
Bx
UOx
1.25x
lOx
60x
1.5x
15x
80x
20x 3Ox
f
lOOx
Hi
Crosfield, Neg.
50% lx
through base
2x 3x Ux
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
*<???? <??
Crosfield, Neg.
50% 6x
through base
Bx lOx 15x 20x
30x 40x 60x
Crosfield, Neg.
5% lx
through base
1.25x
1.5x 2x 3x
Hell, Pos.
95% lx
through base
1.25x
1.5x 2x 3x Ux
Hell, Pos.
50% lx
through base
&iH42
1.25x 1.5x 2x
3x Ux
*8*ffttfW
6x 8x
lOx 15x 20x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
Hell, Pos.
50% 30x
through base
*
Hell, Pos.
5% lx
through base
4Ox 60x 80x 100x
i:.f 1
1.25x 1.5x 2x 3x
\:i
Ux 6x Bx lOx 15x
* ti*>H;>
20x 30x 40x 60x aox
100x
PDI, Pos.
95% lx
through base
1.25x 1.5x 2x
3x 4x 6x Bx
PDI, Pos.
50% ix
through base
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
liKHHBZZZZ
PDI, Pos.
50% 1.25x
through base
1.5x 2x
6x Bx lOx
? ?
? ? 4
? ? i
3Ox 40x 60x
::f-".b
POI, Pos.
5% lx 1.25x
through base
1.5x
4 I 1
Ux 6x Bx
::\ fcrtl
3x 4x
15x 20x
? ?
80x lOOx
2x 3x
lOx 15x
ft* 4
20x 30x
40x 6Ox BOx
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
PDI, Pos.
5% lOOx
through base
Crosfield, Pos.
95% lx
through base
1.25x 1.5x 2x
3x 4x 6x 8x lOx
??1#*ttW^*
Crosfield, Pos,
50% -- lx
through base
1.25x 1.5x 2x 3x
4x 6x 8x lOx 15x
20x 30x 40x 60x 80x
Crosfield, Pos.
lOOx 5% lx
through base
1.25x 1.5x 2x
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Figure 18 (continued)
Microphotographs of the Test Films Lith Film
1
Crosfield, Pos.
5% 3x 4x 6x 8x 10x
through base
15x 20x 30x 40x 60x
aox
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
Hell, Neg.
95% lx
Over-exposure
[ J : :
1.25x 1.5x 2x 3x
'J ? i ". -r 3
4x 6x 8x lOx 15x
C 1 IV
2Ox 3Ox 40x 60x BOx
I
lOOx
Hell, Neg.
50% ~ lx
over-exposure
1.25x 1.5x 2x
3x Ux 6x Bx lOx
15x 20x
Hell, Neg.
5% lx
over-exposure
1.25x 1.5x
29a
Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
Hell, Neg.
5% ~ 2x
over-exposure
3x 4x
t I
PDI, Neg.
95% -- lx 1.25x
over-exposure
k : :t : :
1.5x 2x 3x 4x 6x
::j::*::i::J
8x lOx 15x 2Dx 30x
::t:*feirriii
UOx 6Ox 8Ox lOOx
PDI, Neg.
50% lx
over-exposure
???
1.25x 1.5x 2x 3x
? ???? ?????
4x
si- >&. -
6x Bx lOx 15x 20x
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
PDI, Neg.
50% 30x
over-exposure
PDI, Neg.
5% lx
over-exposure
1.25x 1.5x 2x
r
3x 4x 6x
*
.r: j
Crosfield, Neg.
95% lx
over-exposure
1.25x
II
1.5x 2x 3x 4x 6x
:: v: c::!
Bx lOx 15x 20x 30x
;.i;;ivj??m
4Ox 60x 80x
lOOx
Crosfield, Neg.
50% lx
over-exposure
C-VUOftttW
1.25x I.5x
2x 3x Ux
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
Crosfield, Neg.
50% 6x
over-exposure
8x lOx 15x
Crosfield, Neg.
5% ~ lx
over-exposure
1.25x 1.5x
#
*
Hell, Pos.
95% lx
over-exposure
1.25x 1.5x 2x 3x
It1lt
Hell, Pos.
Ux 50% lx
over-exposure
1.25x 1.5* 2x
ZZSSSZZZilff
3x Ux 6x Bx lOx
'f * I 4} 4 4
15x
Hell, Pos.
5% lx
over-exposure
1.25x 1.5x 2x
301
Figure IB (continued)
Microphotographs of the Test Films Rapid Access
f> f>
Hell, Pos.
5% 3x
over-exposure
15x
Ux
2Ox
:l
6x
3Ox
Bx
J : : It : 1 1=
4Ox
lOx
" X*
*
~
ViJ
60x
PDI, Pos.
95% lx
over-exposure
1.25x 1.5x
PDI, Pos.
4x 50% lx
over-exposure
3x
1.25x
Ux fix
2x
1.5x
Bx
3x
2x
10x
15x
? ? t
20x
PDI, Pos.
5% -- lx
over-exposure
1.25x 1.5x
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Figure 18 (continued)
l
Microphotographs of the Test Films Rapid Access
4*!
PDI, Pos.
5% 2x
over-exposure
lOx
*
3x 4x 6x 8x
!:i t::i:
15x 2Ox 30x 40x
Crosfield, Pos.
60x 95% lx 1.25x
over-exposure
1.5x 2x
??^??#4N
3x
w
Crosfield, Pos.
Ux 50% lx 1.25x
over-exposure
? ??*?
1.5x
2x 3x Ux fix Bx
Fti I-
Crosfield, Pos,
15x 5% lx 1.25x
over-exposure
1.5x 2x
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
IT ; f l; IE
Crosfield, Pos.
5% 3x
over-exposure
Ux 6x 8x lOx
4"l * \"
15x 2Ox
Hell, Neg.
95% lx
4-mil spacer
1.25x 1.5x
-.-J-.|
2x 3x Ux
-f f
Bx
lOx 15x 2Ox 30x 40x
?i#
6Ox 80x lOOx
Hell, Neg.
50% lx
4-mil spacer
1.25x
<< +*
1.5x 2x 3x Ux fix
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
t
^ni1, Nf9' Hel1- Neg.50% 8x 5% .1 lxy
4-mil spacer 4-mil spacer
1.25x 1.5x 2x
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Microphotographs of the Test Films Rapid Access
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Figure 18 (continued)
Microphotographs of the Test Films ~ Rapid Access
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Microphotographs of the Test Films Rapid Access
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Figure 18 (continued)
Microphotographs of the Test Films ~ Rapid Access
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Microphotographs of the Test Films Rapid Access
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
PDI, Neg.
50% i.25x
through base
1.5x 2x 3x 4x
6x Bx lOx
PDI, Neg.
5% lx
through base
1.25x
1.5x 2x 3x 4x
? I*.
Crosfield, Neg.
95% lx
through base
t
1.25x 1.5x 2x 3x 4x
k-4 ."J
fix Bx lOx 15x 20x
***
3Ox 40x
Crosfield, Neg.
50% lx
through base
1.25x 1.5x
311
Figure 18 (continued)
Microphotographs cf the Test Films Rapid Access
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Figure 18 (continued)
Microphotographs of the Test Films Rapid Access
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Microphotographs of the Test Films Rapid Access
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